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THE PHYSICS TEACHER’S PROBLEM * 


THAT physical science is constantly ren- 
dering most magnificent service to human 
life was never more dramatically demon- 
strated than on the occasion of the recent 
wreck of the steamship Republic. That a 
ship, disabled and hidden in a dense fog, 
was yet able to summon to its aid another 
ship a hundred miles away by an inaudible, 
invisible, yet infallible means of communi- 
eation, thereby saving many hundred lives, 
is a feat that would have been pronounced 
impossible by our grandfathers if not by 
ourselves but a few years ago. Had Mr. 
Binns, the operator of the wireless tele- 
graph on the Republic, lived near Boston 
about two hundred and twenty years ago, 
he would surely have been burned for 
witchcraft. 

So thick and fast have come such con- 
tributions of science to our commercial and 
economic life, that most people now take 
them as a matter of course. A telephone 
is at present almost as much of a household 
necessity as a kitchen stove. The steam 
engine and the electric motor, since by 
their aid ten men can do the work of one 
hundred, are increasing our potential man- 
ufacturing population at a rate that must 
satisfy even President Roosevelt that we 
are in no immediate danger of dying out 
as a nation. Musicians are being replaced 
by are lights, or by pianolas; and even 
teachers are being compelled to yield their 
divine calling to graphophones in the 
‘‘teaching’’ of foreign languages. Are we 
then surprised that this is called a scientific 
age? Do we wonder that scientists are 

* Address delivered at the Fourth Annual Con- 


ference of the Schools of Vermont with the Uni- 
versity of Vermont, March 12, 1909. 








952 SCIENCE 


— 


deeply fascinated by their work, or that the 
public stand in awe of it? 

Yet in the midst of all this, our glory, 
we must not fail to pause now and then to 
recall that story of that greatest of astron- 
omers, Laplace. When he had reduced the 
cosmos to a set of differential equations, by 
which he claimed that he could foretell the 
configuration of the universe at any time 
if he had given the configuration at some 
other time, he presented his work to Na- 
poleon. After listening to an exposition 
by Laplace of the meaning of the work, 
Napoleon remarked: ‘‘But I see no place 
for God in your system.’’ To which La- 
place replied: ‘‘Sire, I have no need of 
such an hypothesis.”’ 

Suppose some modern Napoleon should, 
after examining the present formulations 
of scientific creed, remark: ‘‘But I see no 
place for human souls in this system’’; 
what could science answer? Much it has 
surely done for the human body; what has 
it done—what is it doing for the human 
soul? 

A careful investigation of this question 
seems to show that the distinctive services 
of science to the human soul may be re- 
sumed in two statements, namely: (1) In 
developing science through the study of 
nature, the human mind has been trained 
in clear thinking—it has learned how to 
solve problems in such a way as to gain 
for itself the keen vision of a prophet. 
(2) The clear-sighted experimental study 
and the partial solution of the problems of 
nature have continually stored the mind 
with images which are definite because 
drawn from conerete experience, and which 
may thus serve as the basis for clearer 
abstract thought. 

The first of these statements will prob- 
ably be accepted at once. We all recognize 
that the power to foresee what will happen 
under given conditions is one of the chief 
benefits derived from scientific thinking; 
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and, therefore, we find no difficulty in 
appreciating the value of a training in 
this method of thought. The second state- 
ment may not be accepted so readily. Yet 
it must be clear that such basal concepts 
as angle, area, number and triangle were 
derived from experience with and the 
solving of the problems of nature. The 
idea means more than this, however. The 
concrete pictures furnished by the solution 
of scientific problems are essential to clear 
thinking in other fields than those of sci- 
ence. It has often been said that if no 
regularity or order were manifested in 
nature, no thinking at all would be possible. 
The clear picture of a sequence and order 
in nature, yet independent of man’s will, 
is of inestimable moral value. So many of 
us think that we may steal or lie and yet 
somehow evade the results. Natural sci- 
ence gives a very definite picture of the 
impossibility of this. The concrete picture 
of the sun-centered planetary system has 
been indispensable in the development of 
the idea of a God-centered religion. Was 
not Drummond’s book ealled ‘‘ Natural Law 
in the Spiritual World’’? Are not most of 
the similes and metaphors of literature to- 
day drawn from the clear images furnished 
by science ? 

If the two statements just given set forth 
the two great contributions of science to 
the civilized mind of to-day, we are justi- 
fied in setting them up as expressing the 
purposes to be attained in the individual 
by science teaching in the schools. We may 
thus define the purposes of science teaching 
to be the following: (1) To train the indi- 
vidual into habits of solving problems sci- 
entifically, thereby fostering the prophetic 
spirit in him. (2) To store his mind with 
elear pictures of organization, which pic- 
tures may be used as the basis of abstract 
thought. 

Having adopted these two purposes as 
the ideal toward which we are to strive in 
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our teaching of science, we must ask: What 
criteria have we for testing the results of 
the work? How are we able to tell whether 
we are approaching the attainment of these 
purposes with our teaching? There are 
two questions which we may put to our- 
selves if we wish to test our success in at- 
taining these purposes—one for each pur- 
pose. First we must ask: Did the problem 
arise within and out of the student’s own 
experience so that he has a genuine interest 
in its solution? Is it in some way vitally 
connected with his life, so that he has an 
inner motive for its solution? Unless this 
condition is met, unless the student has real 
interest in the work put before him, he will 
get no real training and discipline from it. 

The importance of this point has been 
made very clear by Professor John Dewey 
in his paper on ‘‘Interest as Related to 
Will’’—a paper whieh has been justly 
ealled a supreme court decision on this 
matter. Professor Dewey says (page 32): 

Just because interest is an outreaching thing, 
a thing of growth and expansion in the realization 
of impulse, there can be no conflict between its 
genuine utilization and the securing of that power 
and efficiency which mark the trained mind— 
which constitute real “discipline.” Because in- 
terests are something that have to be worked out 
in hfe and not merely indulged in themselves, 
there is plenty of room for difficulties and ob- 
stacles which have to be overcome, and whose 
overcoming forms “ will” and develops the flexible 
and firm fiber of character. To realize an interest 
means to do something, and in the doing resist- 
ance is met and must be faced. Only difficulties 
are now intrinsic; they are significant; their 
meaning is appreciated because they are felt in 
their relation to the impulse or habit to whose 
outworking they are relevant. Moreover, for this 
reason there is motive to gird up one’s self to 
meet and persistently to deal with the difficulties, 
instead of getting discouraged at once, or half- 
consciously resorting to some method of evasion, 
or having to resort to extraneous motives of hope 
and fear—motives which, because external, do not 
train “will,” but only lead to dependence upon 
others. 
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What a different picture this gives from 
that drawn by those who think interest 
means amusement; and who, therefore; 
drive their students by means of motives 
of hope or fear through unrelated quanti- 
tative experiments with the idea that they 
are giving them discipline! 

The second question that we should ask 
in test of our work is: Are the concepts 
with which the student is working clear to 
him? Is the final picture clear, so that 
clear thinking on his part has been pos- 
sible? This question needs no further 
explanation. 

Each teacher must answer the first of 
these questions for himself; no outside per- 
son can possibly answer it for him, nor ean 
it be settled by either examination or inspec- 
tion from the outside. Speaking for my- 
self, then, I may say that for more than 
three quarters of every class I have, I must 
answer it in the negative. The majority of 
each class is attending and pretending to 
work because of some secondary motive—a 
college requiremert, a desire for credits 
with a minimum amount of work, a wish 
to fill an hour in the program, or something 
of the sort. Comparatively few are there 
because of an inner interest that impels to 
good work; and many who might become 
interested are repelled by the fact that the 
course is cut and dried, the experiments 
set up so as to give the student a minimum 
of obstacles to overcome and a minimum of 
thinking to do. The testimony of a large 
number of my colleagues has led me to the 
belief that this condition is very general— 
that there are few, if any, teachers whose 
class as a whole is working spontaneously 
from genuine interest as defined above. 
The added testimony of a large number of 
high-school principals and college deans, 
who assist the students in the selection of 
their courses, has made me believe that a - 
large majority of the students shun science 
courses whenever possible ; not because they 
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are ‘‘hard,’’ but because they offer them 
no chance of expressing their own inner 
self in new materials—of molding their en- 
vironment to their scientific imaginations. 

The second of these questions above— 
that concerning the clearness of the con- 
ecepts—may be answered, at least super- 
ficially, by examinations and inspection; 
and the answer is an unequivocal ‘‘no.’’ 
I am sure that every teacher of physics will 
agree with me when I say that an exam- 
ination paper on which there is no utterly 
foolish statement is a great rarity. The 
questions asked in class show the same lack 
of clearness, as has been very forcibly 
shown by Mr. H. L. Terry in the Educa- 
tional Review, January, 1909. Has any 
one found a means of making the students 
discriminate clearly between force, work 
and power, for example? Here are some 
examples of what is meant, taken from 
some recent prize examination papers sub- 
mitted in competition for a scholarship at 
the University of Chicago. The competi- 
tors were the best students in neighboring 
high schools. ‘‘ According to Archimedes’ 
principle, the buoyant force of the water 
is equal to the volume of the water dis- 
placed.’’ ‘‘Work is the amount of force 
that is spent on a certain object, neglectful 
of time.’’ ‘‘Efficieney of a machine is the 
amount of power received divided by the 
amount of force exerted upon it.’’ ‘‘By 
Archimedes’ principle a body displaces its 
own weight in water.’’ ‘‘The wave-length 
of red light is longer because in the aurora 
red light stands out more than does green 
light.’”’ 

The fact that from 60 to 70 per cent. of 
the candidates in physics fail to pass the 
written examination of the college entrance 
board each year is eloquent testimony to 
the same effect. 

As the result of a long and careful study 
of this subject, I can not myself avoid the 
conclusion that the teaching of physics is 
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not having even a fair degree of success in 
attaining the purposes stated above. Any 
one who accepts these purposes as his ideal, 
must, I believe, concur in this opinion. 
That others may have other ideals and pur- 
poses in teaching physics, has been abun- 
dantly shown by the work of the physies 
commission. In Cireular III.* we find that 
130 teachers suggested 28 different pur- 
poses of teaching physies; some suggesting 
more than one, but not more than 30 agree- 
ing on any one. Thus some few avow that 
passing examinations is their purpose: 
others make ‘‘mental discipline’’ the fun- 
damental aim—meaning thereby the teach- 
ing of students to do what they do not want 
to do because they will have to do so the 
rest of their lives: thus only may physics 
become a preparation for grim life. Still 
others may have the end of teaching the 
laws and principles of physies; by which is 
meant bringing the student to the point 
where he is able to recite and write the 
statements of these laws, even though he 
may not be able to show that he possesses 
clear concepts of the physical quantities 
related by the laws, or of the relations they 
describe. Thus he who has other purposes 
in teaching science may justly believe that 
physics teaching is satisfactory ; but he who 
accepts as his highest ideal the purposes 
stated above, must acknowledge that the 
greater part of physies teaching at the 
present time fails, to a greater or less ex- 
tent, to attain those purposes. The teach- 
ing of physies is not on that account use- 
less altogether: it is only that it might be 
a real creative power in education instead 
of a mere adjunct. 

The physies teacher’s problem is now be- 
fore you. It may be stated thus: How 
shall courses and instruction be modified so 
as to make the work more nearly approach 
tc the teaching purposes? We teachers 


*School Science and Mathematics, November, 
1906. 
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shall, of course, have to solve this problem 
by experiment. We have got to learn first 
of all to apply the methods of our subject 
to our teaching problem; we must each and 
all of us preserve a frankly open-minded 
and questioning attitude toward our work, 
and be ever ready to experiment and to 
make changes in our methods when we find 
them faulty. We must not cease asking 
ourselves test questions like those given 
above, and should regard the students as 
our real materials for investigation. 

But the problem before us, as thus far 
stated, is too general and vague. We must 
be more specific, and show just where im- 
provement is most needed. Before making 
the problem more specific, I want to point 
out that there are two serious obstacles that 
confront every teacher who wishes to un- 
dertake experimental scientific work along 
this line. One of these obstacles is an ad- 
ministrative one, due to the school system 
in general; this obstacle is controlled by 
forces outside the teacher. The other is a 
psychological obstacle, due to the past hab- 
its of the teacher himself; and to the fail- 
ure on the part of teachers generally to 
have definite notions of the meanings of 
words like interest, discipline, qualitative, 
quantitative, mathematical, abstract, phys- 
ics, law, principle and so on. 

Time forbids that we discuss these ob- 
stacles in detail. Yet they must be re- 
moved before the physies teachers will be 
free to attack their real problem effectively. 
I will merely state specifically what they 
are and what is being done to remove them. 
The first obstacle consists in the systems of 
regulations that exist for the purpose of 
securing uniformity of work, whether for 
college entrance or otherwise. They are 
not aimed at securing uniformity of good 
teaching—if they were, there would be no 
complaint. They attempt to secure uni- 
formity of subject matter. To any one who 
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studies the system from the point of view 
of educational value to the individual stu- 
dent, it can not fail to appear injurious 
and subversive of the ends it tries to reach, 
namely, vital study. It makes but little 
difference whether such systems are main- 
tained by examination, or by accrediting, 
or by state law. The injury comes from 
the fact that the subject matter of the 
course of study is specified in minute detail 
by some authority outside the school and 
hence unfamiliar with local conditions, par- 
ticularly the motives and interests of the 
particular students concerned. The out- 
side authority may be either a board of 
regents, a committee of some association 
or a group of colleges, without in any way 
lessening the evil effect of seriously ham- 
pering the teacher in the use of his own 
initiative and in his attempts to meet local 
and individual needs. A certain degree of 
uniformity is certainly desirable; but a 
bare outline of the larger phases of the 
subject suffices for this, and avoids the very 
grave injury that is sure to result to the 
students from a long and detailed syllabus 
enforced by an authority outside of the 
school. 

Perhaps the best statement of the funda- 
mental fallacy of this strife for uniformity 
is that given by Professor Dewey in the 
pamphlet mentioned above (page 16), when 
he says: 

I know of no more demoralizing doctrine—when 
taken literally—than the assertion of some of the 
opponents of interest that after subject-matter has 
been selected, then the teacher should make it 
interesting. This combines in itself two thorough- 
going errors. On one side, it makes the selection 
of subject-matter a matter quite independent of 
tne question of interest—and thus of the child’s 
own native urgencies and needs; and further it 
reduces method in teaching to more or less ex- 
ternal and artificial devices for dressing up the 
unrelated material so that it will get some hold 
upon attention. In reality, the principle of 
“making things interesting” means that subjects 
shall be selected in relation to the child’s present 
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experience, powers and needs; and that (in case 
he does not perceive or appreciate this relevancy) 
the teacher shall present the new material in such 
a way as to enable the child to appreciate its 
bearings, its relationships, its necessity for him. 

This quotation also makes clear why 
those who believe in extended and detailed 
syllabi can think of interest only as syn- 
onymous with amusement, so that they 
strive for a supposed discipline which Pro- 
fessor Dewey shows to be subversive of true 
discipline as follows :* 

The absurdity of much of the current concep- 
tion of discipline is that it supposes (1) that 
unrelated difficulties, tasks that are only and 
merely tasks, problems that are made up to be 
problems, give rise to educative effort, or direc- 
tion of energy; and (2) that power exists and 
can be trained at large apart from its application. 

This first obstacle of administrative sys- 
tems was considered at length at the recent 
meeting (February, 1909) of the Depart- 
ment of Superintendence of the National 
Edueational Association by Superintend- 
ents Stratton D. Brooks, of Boston: C. E. 
Chadsey, of Denver; W. E. Chancellor, of 
South Norwalk; C. P. Cary, of Wisconsin, 
and R. J. Aley, of Indiana. There was a 
striking unanimity in their recognition of 
the injurious nature of present practises. 
All made constructive suggestions for im- 
provement, and those who are interested in 
this matter should read their papers, which 
will be published soon in the proceedings. 
You should also read the able papers on 
this topic by Professor J. M. Coulter in 
the School Review for February, and by 
Professor F. N. Seott in the same journal 
for January. The Carnegie Foundation 
for the Advancement of Teaching is de- 
voting considerable attention to this matter, 
and several state legislatures are consider- 
ing bills relative to it. 

The second obstacle—that of the lack of 
understanding among teachers of certain 


terms—is being rapidly removed by the 


*L. c., p. 32. 
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discussions now being held at meetings of 
teachers’ associations and at conferences 
like this. I am sure we shall soon come to 
understand each other better, provided all 
can recognize that the discussion is a 
wholly impersonal one, carried on solely in 
the interests of the coming generations. 
We may therefore pass on to the more defi- 
nite specification of the real educational 
problems that now confront the physics 
teachers. 


The first important problem is that of — 


the preparation of the child for science. 
There is at the present time practically no 
science in the elementary schools. In the 
earlier years of the high schools there is 
very much less science than there should 
be. Suitable courses in elementary science 
must be devised for and presented in the 
earlier years of the elementary schools, in 
order to store the child’s mind with an ade- 
quate supply of concrete experience with 
the materials of science. In solving this 
part of their problem, physics teachers will 
have to cooperate with the nature study 
and the industrial education movements, 
since it is through these that the elementary 
basis will be laid. This is the most impor- 
tant and difficult problem. When it is 
solved, the nature of the high-school course 
will in large measure be determined; not, 
as at present, by what may come after, but 
by what has gone before. The college 
courses in turn will have been modified to 
fit the high-school courses, and not the 
reverse. 

The solution of this problem will require 
much time and a large amount of scientific 
experiment. In the meantime, we can do 


much to make the present one-year course 
in the high school much more efficient than 
it is in yielding clear and definite concepts 
and in training in clear thinking. 
may this be done? 

The chief reason for the present failure 


How 
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of the physics course to train in scientific 
thinking seems to me to lie in the fact that 
the method of presentation used is thor- 
oughly unscientific. Abstract and difficult 
concepts in the form of definitions and laws 
are thrust upon the student without warn- 
ing, and before his mind is adequately pre- 
pared for them by suitable common sense 
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discussions of his concrete experiences—he 
does not feel their necessity or see their 
use. 

Illustrations of this failing may be taken 
from any chapter of any of the texts now 
in use. Thus, the discussion of light is 
generally introduced by statements con- 
cerning the luminiferous ether; properties 
of matter are introduced in terms of mole- 
cules and atoms; heat is explained as a 
form of energy before its properties are 
studied. But the most notorious offenses 
against the scientific spirit of the ere | 
are committed in the name of the absolute 
system of units; they cluster about that 
tiny and apparently inoffensive thing, the 
dyne. Unless a student gets a clear con 
ception of what a dyne is, he is lost; be 
cause most of mechanics depends on it, i 
the present method of presenting the su 
ject. Far be it from me to attempt to be- 
little the dyne—it is little enough already. 
Nor would I give the impression that the 
dyne is unessential for the adult physicist, 
or that the absolute units are not the most 
beautiful and useful of all the ‘‘absolutes’’ 
under which the rationalistic mind has 
sought to hide its real ignorance of reality. 
The trouble with the dyne in elementary 
teaching is that it can not be derived di 
rectly from experience. It depends for its 
definition on a convention that can not b 
verified by experience. The student an 


of course, learn to recite the definition o 
the dyne, or even to write the formula that 
expresses this definition; and, by mechan- 
ical substitution in this formula, he may 
be able to solve abstract problems—prob- 
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lems that are made up to be problems, but 
that can not be realized in practise or re- 
lated to experience. He can not visualize 
the dyne, nor form a concrete image of it— 
an image that is derived directly from ex- 
perience and that is therefore usable in 
elear thinking. 

To a beginner pushes and pulls are the 
real forces. He can appreciate their meas- 
urement by elastic springs, and their com- 
parison in terms of pounds or grams 
weight. He can not, as a rule, appreciate 
the measurement of force in terms of mass- 
acceleration for three reasons, namely: (1) 
He has no clear scientific concept of mass 
and it takes considerable time to acquire it. . 
How many of us teachers would agree on 
any one attempted definition of mass? (2) 
He has very imperfect notions of accelera- 
tion; and he really can not get a concrete, 
quantitative picture of this without the 
ealeulus. Did not Newton himself invent 
the caleulus before he was able to treat 
acceleration? (3) In all of his actual ex- 
periences with natural phenomena the force 
balaneed by mass-acceleration is small com- 
pared with the force balanced by friction 
and other resistances. 

For these reasons it seems to me per- 
fectly clear that the dyne should not be 
introduced at the beginning of a course in 
elementary physics. If a second year of 
work in this subject is given in the high 
school, the dyne might be introduced then, 
provided that the first course had been of 
the right sort; otherwise it must be left for 
the colleges. 

Since the dyne is the actual point of con- 
tact—I might appropriately say the mathe- 
matical point of contact—between the two 
opposing pedagogical creeds of physicists, 
it is very important that we see the point 
clearly and appreciate its great significance 
for physics teaching. I, therefore, will 
adduce some of the arguments that are put 
forth in favor of retaining the dyne so as 
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to point out again the psychological fallacy 
involved. The dyne has been defended in 
a recent discussion before the Eastern Asso- 
ciation of Physies Teachers,* as follows: 

First it will be noticed that, as the units of the 
system are logically derived from the fundamental 
units, logical reasoning on the part of the pupils 
will be required. Those educators who contend 
that the chief work of the physics teacher is to 
entertain and amuse will not accept this as an 
argument. Others, however, will take delight in 
the opportunity afforded for rapid-fire drill and 
review. Question—What is a watt? Answer— 
A watt is a unit of power and is equal to a joule 
a second. Q.—What is a joule? A.—A joule is 
a unit of work and is equal to ten million ergs. 
Q.—What is an erg? A.—An erg is the C.GS. 
unit of work and is the work done by a force of 
one dyne acting through one centimeter. These 
questions can be continued until the pupil has 
not only shown that he knows the definition of 
the centimeter, the second and the gram mass, 
but also that he has a knowledge of what work, 
force, etc., themselves are. 


In reply to this let me point out that 
reasoning with words which have no econ- 
erete content is useless and scholastic. A 
student may jingle along words like watt, 
joule, erg, dyne; but, without clear con- 
cepts of the meanings of these terms, his 
logical faculties get no more training than 
if he were arguing how many devils can 
dance on the point of a needle. As Mr. H. 
Poincaré has pointed out (‘‘Essay on the 
General Definitions of Mathematiecs’’) : 


What has been gained in rigor has been lost 
in objectivity. It is by withdrawing from reality 
that this perfect purity has been acquired. Dem- 
onstrations are constructed ‘by logic, but inven- 
tions are made through intuition. To know how 
to criticize is good; but to know how to create is 
better. Logic tells us that on such and such a 
path we are sure to meet no obstacles; but it does 
not tell us which path leads to the goal. The 
faculty that enables us to do this is intuition. 


Second: I know of no physies teachers 
who think the work of the physics teacher 
is to amuse; unless possibly it be those who 


*Report of the fifty-second meeting of the E, A. 
BP. Te pe 38. 
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keep their students loafing over quantita- 
tive experiments from which the difficulties 
have been removed, by logic or otherwise, 
and which are therefore incapable of giving 
‘*discipline’’ in the true sense defined 
above. 

Third: The string of questions and an- 
swers runs along very smoothly on paper— 
almost as smoothly as The House that Jack 
Built: This is the dog, that worried the eat, 
that killed the rat, that ate the malt, that 
lay in the house that Jack built. To my 
thinking, this latter is far richer in thought 
content to the student than is the string 
about watts, joules, ergs. Such a string of 
questions may surely be continued till the 
student has learned the words that are sup- 
posed to define the gram mass, but no 
amount of questioning of this sort will ever 
lead him to a scientific concept of mass, or 
to a ‘‘knowledge of what work, force, etce., 
themselves are.’’ Physicists are agreed 
that knowledge of this sort is useless, even 
if it were attainable. Thus Poincaré says 
(‘Science and Hypothesis,’’ page 78) : 

Even though direct intuition made known to us 
the real nature of force in itself, it would be in- 
sufficient as a foundation for mechanics; it would 
besides be wholly useless. What is of importance 
is not to know what force is, but to know how to 
measure it. 

Again (page 73): 

When we say force is the cause of motion, we 
talk metaphysics, and this definition, if one were 
content with it, would be absolutely sterile. For 
a definition to be of any use, it must teach us to 
measure force; moreover that suffices; it is not 
at all necessary that it teach us what force is 
in itself, nor whether it is the cause of the effect 
of motion. 

In like vein William James says:* 

The term “energy” doesn’t even pretend to 
stand for anything “ objective.” It is only a way 
of measuring the surface of phenomena so as to 
string their changes on a simple formula. 

At this same meeting of the Eastern Asso- 
ciation of Physics Teachers the present es- 


*“ Pragmatism,” p. 216. 
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sentially rationalistie system was further 
defended as follows: 

Second—It will be observed that the absolute 
system enables us to define in a simple manner 
certain physical quantities which can not other- 
wise be defined without great circumlocution. 
For example—an unbalanced force always pro- 
duces some kind of acceleration. How can force 
be better defined than by the acceleration which 
it will produce? This being the case, what better 
unit of force can be employed than one which will 
give a unit mass a unit acceleration? F=ma is 
the simplest possible statement of the measure 
of a force and one which, if the pupil understands 
acceleration, will greatly assist him in obtaining 
some conception of force. 

To the first of these statements I will let 
Professor John Perry, the leader of the 
reform movement in England, answer :° 

There is too much hankering after a kind of 
logical perfection which is impossible in the teach- 
ing of the average boy. I am afraid that what 
seems to you simple is to him complex, and what 
seems to you complex is to him quite simple. As 
a result, you have not made his studies as inter- 
esting to him as you might, and whatever is un- 
interesting to him is uneducational. 

I may add that clear definitions grow out 
of experience, and by teaching word defini- 
tions that have not been justified in advance 
by experience, we are but training in the 
habit of hiding our ignorance of things 
under high-sounding words. 

To the second statement about the sim- 
plicity of the definition of force I would 
remark: “‘Certainly.’’ But I would place 
the emphasis where the writer did not in- 
tend it, namely, on the clause ‘‘If the pupil 
understands acceleration.’? I must also 
add: ‘‘and if he has a concrete and scien- 
tifie concept of mass.’’ 

It was in addition urged that by teaching 
the absolute units the physics teacher has 
an opportunity to do a real service to the 
college. It would be a real service to the 
college if the secondary school teachers 
would send to the colleges young men and 
women with clear and definite concepts and 

* Mathematical Gazette, January, 1909, p. 7. 
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with a training in habits of scientific think- 
ing, rather than with memories crammed 
with words and verbal definitions. That 
the secondary schools are not doing this 
real service under the present system 
of ‘‘absolute’’ teaching, is shown by the 
fact that 70 per cent. of the candidates in 
physics fail in the written examination of 
the college entrance board. And how 
about the 90 per cent. of the high-school 
pupils who do not go to college? Are the 
secondary schools doing a ‘‘real service’’ 
to them in launching them on life with a 
fullness of word definitions and an empti- 
ness of definite and useful information con- 
cerning the physical world about them ? 

I can not help wondering how long the 
absolute physics will be defended on the 
grounds that it gives ‘‘mental discipline,’’ 
that it pleases the colleges, and that it fur- 
nishes data needed by the expert physicist. 
Even if these claims were true, that defense 
has been torn to shreds in the battle over 
Latin; which was claimed to give ‘‘mental 
discipline,’’ to please the colleges, and to 
furnish data needed by the professional 
theologian. There is certainly something 
in physical science for everybody, and it 
is equally certain that that something is 
not to be gained from any catechism of 
questions on watts, joules, ergs, dynes, ete. 

Although I am convinced myself, after 
having tried the experiment, that the ele- 
mentary physics should not attempt to 
teach the absolute units, I would not for an 
instant advocate any system of regulations 
by which the use of these units was pro- 
hibited. There are many able and sincere 
teachers who honestly believe in their use, 
and such teachers should not be prevented 
from using them. On the other hand, those 
who do not believe in them, who have found 
by their experiences that it is useless to try 
to teach them to their pupils, should not be 
eompelled to do so by regulations aimed at 
securing uniformity and enforced by an 
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authority outside the school. This is an 
excellent example of the way in which such 
regulations effectively block progress by 
prohibiting the teacher who would study 
education scientifically from trying experi- 
ments, thus dwarfing him as a science 
teacher by barring him from applying sci- 
entific methods to the study of his teaching 
problem. Until differences of this sort 
have been settled by experiment, it is irra- 
tional and very injurious to the students 
to make regulations that decide such ques- 
tions in advance on a@ priori grounds. 

This deductive, logical, abstract, defining- 
without-concept habit in present physics 
teaching has been inherited direct from 
Newton. It is a habit of which Professor 
Perry says :" 

I take it that the method of study into which 
Newton was forced, became, because of Newton, 
the favorite English mathematical study, and we 
know that it kept English mathematicians back 
for a hundred years. In the shape of elementary 
deductive geometry, it is keeping back every 
schoolboy now. 

What does this mean? You recall that 
Newton, when he presented some of his 
optical discoveries to the Royal Society in 
1672, was attacked by Hooke and others 
and drawn into quite a controversy. This 
was very distasteful to Newton; and so, 
before presenting his ‘‘Principia,’’ he put 
it into such form that it would be unassail- 
able. Euclid being the model of such 
necessary reasoning, this was his model. 
So we find that the ‘‘Principia’’ begins 
with definitions, axioms, scholia and the 
other paraphernalia of geometry. But it is 
very clear that Newton did not reach his 
definitions in any such way. They grad- 
ually developed in his mind as the result 
of long pondering over the phenomena, the 
experiments, and the known data of me- 
chanics. Any one of you who has seriously 
tried to grasp the real meaning of his justly 
celebrated ‘‘laws or axioms of motion,’’ or 

" Mathematical Gazette, January, 1909, p. 5. 
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who has read and pondered over the volu- 
minous literature that has been written 
about them, can not fail to be impressed 
with the mighty genius of the man who 
first formulated them. It was a very great 
feat of the scientific imagination. And yet 
we expect the average high-school pupil to 
repeat that feat in three or four lessons, 
and to have facility in the solution of ab- 
stract problems involving these definitions 
in less than a year! And this without hay- 
ing given him the full experimental basis 
for those laws nor having taught him to 
ponder scientifically so that he can follow 
the reasoning by which Newton reached 
his conclusions. 

I have already shown that in England 
this fallacy of logical perfection in elemen- 
tary physics has been exposed at the hands 
of Professor Perry. In Germany the same 
is true. That celebrated commission that 
has been studying this matter there adopted 
as one of its theses with regard to physics 
the following: ‘‘In teaching, physics must 
not be treated as a mathematical science, 
but as a natural science.’’ The meaning 
of this is given in the following words: 

The specific value of the teaching of physics 
for general culture has long been diminished be- 
cause of the fact that physics is treated primarily 
as a mathematical science. The chief reason for 
this is that physics itself has long regarded it as 
an ideal to present itself in deductive form after 
the manner of a mathematical system. This is 
particularly true of the fundamental portion of 
physics, the mechanics, the construction of which 


on a few axioms has been regarded as its chief 
excellence. 


I am glad to be able to say that the 
latest and best of the German elementary 
texts—that of Poske—does not contain 
Newton’s second law of motion or the abso- 
lute system. Professor Poske is editor of 
the Journal for Physics Teaching, a mem- 
ber of the celebrated commission and a 
teacher of long experience. The book is 
written for classes that correspond to those 
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in the second and third years of our high 
schools. The book has been received with 
great approbation by the German teachers. 
Thus although we are ahead of our col- 
leagues across the water in the matter of 
laboratory equipment, they are, in my 
opinion, far ahead of us in their knowledge 
and practise of sound pedagogy. 

The essential distinction that I have been 
endeavoring to make plain between vigor 
and rigor, between intuition and logic, be- 
tween concrete and abstract, between rela- 
tive and absolute, between interest with 
true discipline and duty with martial rule, 
has been pointed out for mechanics most 
clearly by Professor Henri Poincaré in his 
‘‘Seience and Hypothesis,’”* as follows: 

The principles of mechanics, then, present them- 
selves to us under two different aspects. On the 
one hand, they are truths founded on experiment 
and approximately verified so far as concerns 
almost isolated systems. On the other hand, they 
are postulates applicable to the totality of the 
universe and regarded as rigorously true. If 
these postulates possess a generality and a cer- 
tainty which are lacking to the experimental 
verities whence they are drawn, this is because 
they reduce in the last analysis to a mere conven- 
tion which we have the right to make, because we 
are certain beforehand that no experiment can 
contradict it. This convention, however, is not 
absolutely arbitrary; it does not spring from our 
caprice; we adopt it because certain experiments 
have shown us that it would be convenient. Thus 
is explained how experiment can make the prin- 
ciples of mechanics, and yet why it can not over- 
turn them. 

Hence the particular part of the physics 
teacher’s problem now before us reduces to 
this: The present system of teaching phys- 
ics in its elementary stages fails because 
of its leaning toward rigor, logic, the ab- 
stract, the absolute and martial law: the 
problem is to change the methods of teach; 
ing so that vigor, intuition, the concrete, 
the relative and true discipline shall pre- 
vail. One suggestion has already been 
made as to ways of doing this, namely, 


* English translation, p. 98. 
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omit the absolute units. In closing let me 
throw out two further hints that may assist 
those who wish to take part in the house- 
cleaning that is at hand. 

Physics is suffering from lack of unity 
in the way it is presented to beginners. 
This may be remedied by a suitable use of 
the idea of energy. In a recent address at 
the University of Chicago, Professor G. H. 
Mead showed that the doctrine of energy 
plays in physical science the same réle as 
does the doctrine of evolution in biological 
science, since it furnishes concepts and a 
terminology in which all forms of physical 
phenomena may be expressed. This ter- 
minology and these concepts are particu- 
larly useful, because they are derived from 
the idea of mechanical work, which is one 
of the most immediate and familiar of the 
concepts drawn from daily experiences. 
Most commercial accounts are ultimately 
balanced in terms of work or energy. 

In using the idea of energy as a solvent 
for unifying and organizing instruction in 
physics it is not in the least necessary to 
become an ‘‘Energetiker,’’ to deny the ex- 
istence of everything but energy, and to 
rule out the imagination and speculation 
concerning atoms and the like. The idea 
is one easily grasped by any one, since it is 
drawn from such universal experience. It 
ean be visualized in the lifting of heavy 
objects so as to be made very concrete. In 
my opinion this idea offers a fruitful field 
for experimentation in the teaching of the 
elements of physics. 

Another fruitful suggestion has been 
made by Dr. Northrup in the Journal of 
the Franklin Institute for March, 1908. 
It is to use analogy—not poetic analogy, 
but strict analogy, such as exists between 
translatory and rotary motion. This same 
suggestion was made by Professor Henry 
Crew at the meeting of the Central Asso- 
ciation of Science and Mathematics Teach- 
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ers last November. It is a suggestion well 
worth considering. 

Has not the time now come when we 
physics teachers of America should begin 
experimenting with a purpose of trying to 
discover the live way of teaching our sub- 
ject? Are we not now ready to right-about- 
face, and, instead of trying to make our 
concrete material abstract and mathemat- 
ical—instead of trying to teach Newton’s 
absolute time and space and motion—to try 
to make mathematics and the absolute con- 
crete and real through physics? Shall we 
not take up the movement now being 
pushed so successfully by Perry and Arm- 
strong in England, by Klein and Poske in 
Germany and by the brothers Poincaré in 
France, and push it along in free and 
progressive America as well? Surely the 
time is at hand when the work will be done. 
Let us therefore all lay hold and help, for 
better times are coming. C. R. MANN 

THE UNIVERSITY OF CHICAGO 





ALBERT B. PORTER 


Abert Brown Porter was born at Indian- 
apolis on March 16, 1864, and died at Chicago 
on April 16, 1909. He was a man of rare en- 
dowment, well known to many of the readers 
of this journal. Since, however, his pub- 
lished researches are comparatively few in 
number, he was by no means so widely known 
as his native abilities would ordinarily have 
made him. 

His preparation for college, obtained at the 
Indianapolis High School, enabled him to 
enter Stevens Institute at the early age of fif- 
teen. Most of the best training of this pre- 
cocious lad was, however, obtained in his own 
home and at the hands of his own father, 
Albert G. Porter, who was governor of Indi- 
ana during the early eighties. From this 
period dates his acquisition of an almost fault- 
less English style and the beginning of his 
acquaintance with tools and with the proper- 
ties of matter. In 1882 he migrated to Pur- 
due University, where he graduated B.S. in 
1884, 
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The Richmond, Ind., High School was for- 
tunate in securing the services of this modest, 
scholarly and skillful young man during the 
seven years immediately following his gradu- 
ation. More than one of his students have 
testified to his inspiring influence and to the 
manner in which he helped rapidly to upbuild 
this institution. 

In 1891 he went to Baltimore to pursue, 
under Rowland, Franklin and Newcomb, the 
subject of physics to which from earliest boy- 
hood he had been devoted. His fellow stu- 
dents still recall that judicial, alert and inde- 
pendent attitude of mind displayed by him 
regarding all subjects. Pure science being his 
ruling passion, the atmosphere of Johns Hop- 
kins University was more congenial to him 
than any other which he subsequently found. 

It was during this period that he was mar- 
ried to Miss Therese Study, whom he had first 
learned to know as a student in the Richmond 
High School. 

In 1894 he accepted appointment to the 
chair of physics in the then recently founded 
Armour Institute. It seems almost needless 
to add that the department was at once placed 
upon a high plane. His lectures were 
beautifully illustrated with many novel ex- 
periments and were always set forth in that 
clear English which ean result only from 
clear thinking. Characteristic of the man is 
a summer spent with Mr. O. L. Petitdidier in 
learning the technique of lens grinding, figur- 
ing and polishing. After eight years’ experi- 
ence in teaching technical students he re- 
signed in order to take up the manufacture 
and importation of high-grade physical appa- 
ratus, operating under the name of “The 
Scientific Shop.” But we must not imagine 
that Professor Porter ceased to teach when he 
entered upon the commercial side of his work. 
On the contrary, his clientele became larger 
and more advanced, being composed mainly of 
instructors in physics from all parts of the 
country; for, being a man of cultivated curi- 
osity and lucid expression, he had satisfaction 
not only in gathering information, but also in 
freely imparting knowledge. 

His published papers relate chiefly to the 
diffraction theory of microscopic vision and 
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to other optical questions. The various cir- 
eulars which issued from the The Scientific 
Shop were always his own, and those who have 
had the pleasure of reading them will recog- 
nize that they are unique in accurate scholar- 
ship, in instructiveness and in absolute candor. 

No account, however brief, of Mr. Porter’s 
work would be fair, not to say adequate, which 
did not include some reference to his several 
large volumes of manuscript “notes,” in 
which he was in the habit of recording new 
ideas and experimental results. A _ single 
citation which will serve to illustrate the 
cleverness, ingenuity and skill of the man may 
also be of value to makers of lenses. It is a 
note, referring to an extension of the bene- 
fits of the bifocal lens invented by Benjamin 
Franklin and having interest as being the 
last problem upon which he was engaged, and 
is as follows: 


MULTIFOCAL SPECTACLE LENS 


Intended to replace the bifocal lens. Would 
have two advantages (1) “invisibility” in the 
sense of not being evidently different from a single 
focus lens and (2) the multifocal property should 
give clear vision at any distance from (say) 10 
inches to infinity. 





J 








One face of the lens is curved only in the hori- 
zontal plane and the other only in the vertical 
plane, the radii of each surface growing shorter 
from top to bottom of the lens in about the same 
ratio. Thus one surface may be a circular cone 
and the other a spiral cylinder. The curvatures 
need not increase uniformly from top to bottom, 
but the increase should be at the same rate on 
each side so as not to introduce cylindrical error. 
Vertical or horizontal astigmatism can be cor- 
rected by making one surface of uniformly greater 
curvature than the other. The surface may be 
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mechanically ground and polished by simple mech- 
anism. Angular astigmatism can possibly be cor- 
rected by a superposition of curves, but the sur- 
face would not then be “ ruled,” and the polishing 
operation might be less certain. 

The fault of the lens is that the curvatures and 
foci are different at top and bottom of the eye. 
This difference is, however, slight in a large lens, 
and unless presbyopia is great may not be enough 
to cause inconvenience. 

A. B. . 


August 17, 1907 


Under date of January 24, 1909, occurs a 
two-page note describing in detail a method by 
which the grinding tools for such a multi- 
focal lens may be made. Then the following: 


MULTIFOCAL LENSES 


Could be made with spherical surfaces by using 
a glass varying in density (refractive index) from 
top to bottom. Such a glass could be made by 
using a flat melting pot heated from above (to 
avoid convection currents) in which was placed 
in very thin layers the varying materials needed 
to give the varying density. A “guard ring” 
should be put in the center of the melting pot to 
avoid convection currents due to unequal heating 
or cooling around the sides of the pot. The glass 
should be kept in a molten condition long enough 
for diffusion to make the density gradient uni- 
form, and the heat should be turned off so slowly 
that the top always remains hotter than the bot- 
tom to avoid convection. A. B. P. 

February 5, 1909 


Hundreds of suggestive “notes” of this 
type lead one to wish that it might have been 
possible for a mind so fertile in resources to 
have devoted its energies to investigation and 
pure science, unhampered by the daily routine 
of teaching or commerce. 

Henry Crew 





BANQUET IN HONOR OF PROFESSOR 
BESSEY 


Tue Botanical Seminar of the University of 
Nebraska gave on June 5 an anniversary ban- 
quet in honor of Charles Edwin Bessey, to 
celebrate the twenty-fifth anniversary of his 
professorship in Nebraska, preceded by four- 
teen years of professorial service at the Iowa 
Agricultural College. Dr. Roscoe Pound pre- 
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sided and first introduced Governor A. C. 
Shallenberger, who spoke on “ Twenty-five 
Years for the State ”; other toasts were as fol- 
lows: “ Forty Years for Botany,” by Professor 
Frederic E. Clements; “ His Influence as a 
Teacher,” by Dean Henry B. Ward; “ What 
he has done for the University,” by Professor 
George E. Condra, and “ His Influence upon 
the Layman,” by Regent George Coupland. 
There was then presented to Professor Bessey 
a set of twenty-four volumes containing the 
publications of his former students. 

The Sunday State Journal contains the fol- 
lowing editorial appreciation: “ The honors 
paid to Dr. Charles E. Bessey last night by the 
Botanical seminar of the University of Ne- 
braska were richly deserved. Dr. Bessey has 
just completed forty years of active service as 
a teacher of botany—fifteen years at Ames and 
twenty-five years at Lincoln. When it is re- 
membered that during each one of the forty 
years he has been in close personal contact 
with hundreds of young people, has fired them 
with his enthusiasm as a scientist and has in- 
fluenced them with his beautiful and simple 
character—when all this is understood, the 
value of his career to the public becomes 
deeply impressive. It has been a source of 
pride and joy to the university that a man of 
international fame should decline flattering 
offers and large salaries to go elsewhere and 
should devote himself with unflagging zeal to 
the study of botany here in Nebraska. To the 
words of appreciation spoken last night the 
whole state joins in proud and spontaneous 
applause.” 


BRITISH ASSOCIATION TRIP TO ALASKA 


A nuMmBER of members of the British As- 
sociation having written expressing their de- 
sire to go up the coast, arrangements have 
been made as below. It is desirable for mem- 
bers who wish to take this delightful trip to go 
before the association meets at Winnipeg, as 
the weather is often damp and the views ob- 
scured by mists during the latter part of Sep- 
tember. Some of the members are coming 
through Asia, and others through Canada and 
the States before the meeting at Winnipeg, but 
as the times of arrival of those parties vary, it 
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has been found advisable to encourage them 
to travel in weekly companies, leaving Vic- 
toria at 11 p.m. on Fridays or Vancouver at 
11 p.M. on Saturdays between July 16 and 
August 13 and again on September 10 for each 
of the undermentioned coast tours by the 
C. P. R. steamships, which also leave Seattle 
one day earlier than the above dates at the 
same through fares. 

a. To Prince Rupert, Juneau (Great Gold Mine), 
Taku and other large glaciers, Skagway, and thence 
back to Vancouver in nine days, or to Victoria in 
ten days, traveling nearly 2,000 miles through 
enchanting scenery along sheltered “fiords.” Cost, 
including meals and berths, $66. 

b. Including the above to Skagway, thence over 
the wonderful scenery of the White Pass Railway 
and down the Yukon River to Dawson ( Klondike) 
and back. Time, about three weeks. Cost, $160. 

Beyond the latter those who have time and 
desire to go through Alaska round by Nome 
ean do so at reasonable rates. Ordinary 
travelers’ clothing suffices, with thick boots or 
rubber shoes for climbing. Arrangements are 
being made to entertain members during their 
stay at Victoria. 


THE CARNEGIE FOUNDATION FOR THE 
ADVANCEMENT OF TEACHING AND THE 
GEORGE WASHINGTON UNIVERSITY 


Tue following letter has been addressed by 
the president of the Carnegie Foundation for 
the Advancement of Teaching to the president 
of the George Washington University: 

June 4, 1909. 


PRESIDENT CHARLES W. NEEDHAM, 

The George Washington University, 

Washington, D. C. 

Dear Sir:—I1 am directed by the executive com- 
mittee of the Carnegie Foundation for the Ad- 
vancement of Teaching to send to you as president 
of the George Washington University the follow- 
ing communication. 

The George Washington University reported to 
the Foundation a productive endowment of $219,- 
832.96 as of date August 21, 1907. In the finan- 
cial statement submitted some time since it re- 
ported as of date October 3, 1908, a productive 
endowment of $123,500. 

The rules of the Carnegie Foundation require 
that an institution, to be entitled to the privi- 
leges of the retiring allowance system, must have 
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a productive endowment of not less than $200,000. 
This proviso was made because experience has 
proved that no college can maintain fair educa- 
tional standards without adequate endowment. 

The examination which I have just caused to 
be made of the George Washington University 
shows that its announced standards of admission 
to the various schools are not enforced. 

In the college division of the University regular 
students are admitted with reasonable regard to 
the stated admission requirements, but of the 
total enrollment more than one third are special 
students. The value of the A.B. degree, however, 
is seriously lowered by the lax administration of 
the College of Political Sciences and the Division 
of Education, to which admission is granted with 
little regard to the published entrance require- 
ments. The Law School announces a four-year 
high-school education as a prerequisite for ad- 
mission, but does not enforce it. Similarly in the 
Medical School the announced requirements for 
admission have been repeatedly evaded. If the 
entrance requirements to this school were actually 
enforced, the enrollment would be so greatly re- 
duced that the department could not continue: 
a result, I may add, entirely in the interest of 
medical education, since the District of Columbia 
and the region about it are over-supplied not only 
with physicians, but with weak medical schools. 

The executive committee feels compelled also to 
protest against the extraordinary action of the 
institution in forcibly retiring two professors, 
both of whom are in the prime of their active 
teaching, on the ground that the institution needs 
to save money by the retiring allowance system, 
but it is entirely contrary to the spirit in which 
this Foundation was conceived and is a blow at 
academic dignity and academic freedom. 

The committee further calls your attention to 
the extract from the rules for the admission of 
institutions, “ The Trustees of the Carnegie Foun- 
dation for the Advancement of Teaching reserve 
the right to discontinue the privilege of partici- 
pation in the system of retiring allowances of the 
Foundation whenever, in the judgment of the 
trustees, an institution ceases to conform to the 
regulations maintained by the trustees. Such 
withdrawal shall not, however, result in the 
discontinuance of retiring allowance already 
granted.” 

The executive committee, by virtue of the au- 
thority conferred upon it under the by-laws, in 
view of the conditions existing in the George 
Washington University referred to above, condi- 
tions which are entirely out of harmony with the 
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educational ideals for which the Foundation 
stands, informs you with great regret that the 
relation of the George Washington University as 
an accepted institution is terminated with this 
date. 
Very truly yours, 
(Signed) Henry S. PrircuHett, 
President 





SCIENTIFIC NOTES AND NEWS 


AT its last meeting the Rumford committee 
of the American Academy of Arts and Sci- 
ences voted a grant of $300 to Professor W. 
W. Campbell, of the Lick Observatory, for the 
purchase of certain parts of a quartz spectro- 
graph and to Professor M. A. Rosanoff, of 
Clark University, a grant of $200 in further 
aid of his research on “The Fractional Dis- 


- tillation of Binary Mixtures.” 


Mr. Joun J. Carty, chief engineer of the 
New York Telephone Company, has received 
from the Emperor of Japan the decoration of 
the Order of the Rising Sun in recognition of 
engineering services rendered to Japan. 


THE Bessemer medal of the British Iron and 
Steel Institute has been presented to M. A. 
Pourcel. 


Proressors YvES DELAGE and M. G. Retzius 
have been elected foreign members of the 
Linnean Society. 


Mr. Horace Darwin, F.R.S., has _ been 
elected a corresponding member of the Vienna 
Academy of Sciences. 


Mr. Ciarence J. Humpurey, assistant in 
botany in Cornell University, has accepted a 
position as scientific assistant in forest pathol- 
ogy in the Bureau of Plant Industry. 


Tue Bowdoin prizes for essays in English 
for the academic year 1908-9 have been 
awarded by the faculty of arts and sciences of 
Harvard University. Three prizes of $200 
each were awarded to graduates. The first of 
these went to C. L. B. Shuddemagen for his 
essay on “ Mechanical Analogues for Electro- 
magnetic Systems.” R. C. Mullenix, the 
second of the graduate prize winners, had as 
his subject, “The Neurone Theory; Its De- 
velopment and Its Present Status.” 


Proressor JosePH P. Ipprinas, of the United 
States Geological Survey, who has been occu- 
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pied during the past year in the preparation 
of a work on igneous rocks, the first volume of 
which has just been published by John Wiley 
and Sons, has severed his connection with the 
University of Chicago, and has started on a 
visit to portions of Japan, China, the Philip- 
pines and Java, under the immediate auspices 
of the Smithsonian Institution of Washing- 
ton. The purpose of his visit is the study of 
the voleanie rocks of these regions in order to 
complete the second volume, or descriptive 
part, of his book. Publications may be sent 
to him in care of the Smithsonian Institution 
in Washington. 

FREDERICK MONSEN has gone to the deserts 
of Chihuahua and Sonora to make ethnolog- 
ical research among the Indians of those parts 
and to study the physical geography of the 
region. Late in July, Mr. Monsen will visit 
Arizona, where three months will be devoted 
to investigation among the Hopi and Navajo 
Indians, after which he will endeavor to photo- 
graph the Grand Canyon from above by means 
of kites which he will fly from the rim of the 
canyon, sending them over 6,000 feet above 
the surface of the river. Mr. Monsen returns 
to New York next November. 


Mr. Wituiam B. Ricuarpson, collecting for 
the American Museum of Natural History in 
Nicaragua, announces the shipment of a large 
collection of birds and mammals made during 
the last six months at points ranging in alti- 
tudes from 700 to 5,000 feet. 


Avpert A. Giesecke, Ph.D. (Cornell), has 
been commissioned by the Peruvian govern- 
ment to organize a system of commercial and 
technical education in Peru, and will leave 
in a short time for Lima. 


Proressor Kenco Makino, of the department 
of electrical engineering, University of 
Waseda, Tokyo, Japan, is now on his way 
home via Europe after a couple of years spent 
at Cornell in post-graduate study. 


Dr. Georce Dock, of New Orleans, has 
sailed for England and the continent. He will 


attend the International Medical Congress at 
Buda-Pesth. 

Dr. ALtrreD DacunowskI, of the botanical 
department of the Ohio State University, is 
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spending the summer in Europe. He will 
visit the Azores, Italy, Switzerland and Ger- 
many, and will make observations on forestry, 
as practised in those countries. 


RECENT visitors at the Bureau of Plant In- 
dustry of the U. S. Department of Agriculture 
have been Mr. B. Barlow, of the Ontario 
Experiment Station; Mr. W. Henry Grant, 
secretary of the Canton Christian College, 
Canton, China; Mr. Osborn Ashton, of Cairo, 
Egypt; Mr. Horace G. Knowles, formerly 
minister to Roumania; Dr. Arthur Donaldson 
Smith, Consul at Patras, Greece. 

At the University of Pennsylvania the ad- 
dress before Phi Beta Kappa and Sigma Xi 
will be given by Professor H. C. Richards, of 
the department of physics. 

Proressor CHarRLes S. Prosser has given a 
course of lectures at Ohio State University 
describing the opportunities for graduate 
study in geology at some of the leading Amer- 
ican universities. Those to which the greatest 
attention has been given are Johns Hopkins, 
Princeton, Columbia, Yale, Harvard, Cornell 
and Chicago. 

Mr. Jonn Hays Hammonp gave the address 
at the thirty-fifth annual commencement of 
the Colorado School of Mines, held on May 28. 

Tue Croonian lecture of the Royal Society 
was delivered on June 10, by Professor E. A. 
Schafer, F.R.S., on “The Functions of the 
Pituitary Body.” 

THE statue of Lamarck, erected by interna- 
tional subscription, was unveiled in the Jardin 
des Plantes, Paris, on June 13. 


Mr. Cuartes L. BuckmncHam, well known 
as an inventor in the field of telegraphy and 
as a patent lawyer, died at this home in New 
York City on May 31, at the age of fifty-seven 
years. 


Tue death of Dr. J. D. E. Schmeltz, director 
of the State Museum of Ethnography at Ley- 
den, Holland, is announced. He began his 
work in the Godefroy Museum in Hamburg, 
whence he was called to Leyden in 1884 as 
assistant of Dr. Serrurier. Later on he be- 
came director of the museum, and the develop- 
ment of the collections during the last twenty 
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years has been due to his untiring energies. 
He was the founder and editor of the “ Inter- 
national Archives of Ethnography.” 


Mr. THomas MeEtuarpD Reape, known for his 
contributions to geology, has died at his home 
in Liverpool, at the age of seventy-seven years. 


Tue death is also announced of M. Eugene 
Grenet, the French electrical engineer. 


Durinc the present school year, the council 
of Phi Lambda Upsilon, a national honorary 
chemical society, has granted three charters: 
the first, in Chicago, as the Chicago Alumni 
Chapter; the second, in New York City, as 
the Columbia University Chapter, and the 
third, in Ann Arbor as the University of 
Michigan Chapter. The society was founded 
at the University of Illinois in 1899. It has 
for its fundamental object the promotion and 
protection of high scholarship and original 
investigation in all branches of pure and ap- 
plied chemistry. Active membership is lim- 
ited to graduate and advanced undergraduate 
students, except in the case of the student 
having the highest average grade at the end 
of the sophomore year. The election of men 
is based primarily upon their scholastie stand- 
ing and promise of research ability. Among 
the honorary members of the society there are: 
Professors W. A. Noyes, C. F. Chandler, S. L. 
Bigelow, Louis Kahlenberg, H. C. Sherman, 
E. D. Campbell, S. W. Parr, M. T. Bogert, 
H. S. Grindley, S. M. Babcock, R. H. Chit- 
tenden, C. G. Hopkins, A. P. Matthews, Drs. 
L. W. Andrews, A. G. Manns and T. J. Bryan. 

At the annual meeting of the Society of 
Detroit Chemists, held May 28, the following 
officers were elected: President, Frank T. F. 
Stephenson, chemistry department, Detroit 
College of Medicine; Vice-president, L. D. 
Voree, Pennsylvania Salt Manufacturing 
Company; Secretary, H. C. Hamilton, Parke, 
Davis & Company; Treasurer, W. D. Main- 
waring, Railway Steel Spring Company. The 
membership reported is 84. Regular monthly 
meetings were held through the year, with at- 
tendance about 50 per meeting. Preparations 
have been practically completed for the enter- 
tainment of the American Chemical Society 
in June. 
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THE Biological Club of Oberlin College was. 
organized during the last year, its member- 
ship embracing the instructors in the depart- 
ments of botany, geology, physiology and zo- 
ology. Its officers are: President, Professor 
E. B. Branson; Secretary, Professor R. A. 
Budington. During the year the following 
meetings have been held: 


November 25—“ Dinichthid Fishes of Ohio, with: 
special reference to a species of Dinichthys in the 
Oberlin Museum,” by Professor E. B. Branson. 

December 9—“ Internal Secretions,” by Pro- 
fessor R. A. Budington. 

January 13—Reports by members who attended 
the Association meetings in Baltimore during the 
Christmas holidays. 

January 27—“ Present-day Conceptions as to 
the Role of the Sympathetic Nervous System in 
Man,” by Professor F. E. Leonard. 

February 10—‘ Some Nuclear Phenomena in 
the Fungi,” by Dr. Susan P. Nichols. 

February 24—“ Some Recent Work on the Pro- 
tozoa,” by Professor M. M. Metcalf. 

March 10—* Feeding Experiments with Birds,” 
by Professor Lynds Jones. 

March 25—‘ Maturation Phenomena in Plants 
and Animals,” by Professor F, O. Grover. 

April 14—* The Ecological Succession of Birds,” 
by Mr. B. R. Showalter. 

April 28—“The Planetesimal Hypothesis,” by 
Professor E. B. Branson. 

May 12—‘ The Phylogeny of the Angiosperms,”” 
by Mr. C. B. Wilson . 

May 28—“The Static vs. the Dynamic and’ 
Vitalistic Theories of Evolution,” by Professor F. 
O. Grover. 


In connection with the annual grant voted’ 
by Parliament in aid of scientific investiga- 
tions concerning the causes and processes of 
disease, Mr. Burns, the president of the Local 
Government Board, has, as we learn from 
Nature, authorized the following special re-- 
searches: (1) a continuation of the investiga- 
tion into protracted and recurrent infection 
in enteric fever, by Dr. T. Thomson, in con- 
junction with Dr. Hedingham; (2) a contin- 
uation of the investigation into protracted and 
recurrent infection in diphtheria, by Dr. T. 
Thomson and Dr. C. J. Thomas; (3) a con- 
tinuation of the investigation into flies as 
earriers of infection, by Dr. Monckton Cope-- 
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man and Professor Nuttall; (4) a continua- 
tion of Dr. Andrewes’s investigation on the 
presence of sewage bacteria in sewer air, with 
the view of ascertaining their number and the 
distance they can be carried by air currents; 
also a continuation of Dr. Andrewes’s investi- 
gation into the part played by changes in bone 
marrow in the defensive mechanism of the 
body against infection; (5) a continuation of 
Dr. Savage’s investigations on the bacterial 
measurement of milk pollution, and on the 
presence of the Gaertner group of bacilli in 
prepared meats and allied foods; (6) an in- 
vestigation into the chemical and physical 
changes undergone by milk as the result of 
infection by bacteria, and into the relation of 
the pancreas to epidemic diarrhwa, by Dr. 
Schélberg and Mr. Wallis; (7) an investiga- 
tion of the records of charitable lying-in hos- 
pitals as to the nutrition of the mother and 
other factors influencing the vitality of in- 
fants and their progress in the first fourteen 
days of life, by Dr. Darwall Smith; (8) an 
investigation into the occurrence and impor- 
tance, in relation to treatment, of mixed infec- 
tions in pulmonary tuberculosis, by Dr. In- 
man; (9) an investigation on the relative im- 
portance of certain types of body-cells in 
defense against the tubercle bacillus, and the 
effect of tuberculin and other remedial agents 
on their activities, by Dr. J. Miller. 


At the recent conversazione of the Royal 
Society, Dr. George E. Hale, who has recently 
been elected a foreign member of the society, 
exhibited photographs illustrative of work at 
the Mount Wilson Solar Observatory, as fol- 
lows: (1) Three photographs of the sun, taken 
at the Mount Wilson Solar Observatory, April 
30, 1908, showing: (a) the photosphere, with 
sun-spots and facule; (b) the flocculi of cal- 
cium vapor; (c) the flocculi of hydrogen, at a 
higher level in the solar atmosphere. The 
hydrogen photographs, which are made with 
the spectroheliograph, reveal the existence of 
cyclonic storms or vortices associated with 
sun-spots. On the hypothesis that the rapid 
revolution of electrons in the vortices should 
produce a magnetic field in sun-spots, a search 
was made for evidences of the Zeeman effect. 
Doublets and triplets were found in the spot 
spectrum, showing all of the polarization phe- 
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nomena observed by Zeeman in the laboratory, 
and proving the existence of a magnetic field. 
The strength of the field (at the level of the 
iron vapor) ranges from 2,900 to 4,500 O.G.S. 
units in different spots. (2) Photograph of 
the sun, taken on Mount Wilson, October 7, 
1908, with the red line of hydrogen. The 
vortices surrounding two large spots in the 
northern and southern hemispheres appear to 
rotate in opposite directions. The magnetic 
fields in these spots were found to be of op- 
posite polarities, as opposite directions of rota- 
tion would require. (3) Two transparencies, 
showing to better advantage the hydrogen vor- 
tices in the photographs of April 30 and 
October 7. (4) Six photographs, showing the 
mounting of the 60-inch reflector of the Mount 
Wilson Solar Observatory and the mode of 
transporting the tube to the summit on a 
motor-truck. (5) Blue print, showing design 
for tower telescope, of 150 feet focal length, 
now under construction for use on Mount 
Wilson. The hollow members of the outer 
skeleton tower shield (without touching) the 
corresponding members of the inner skeleton 
tower from the wind. The outer tower also 
carries a dome to protect the celostat and 
other instruments, which are supported at the 
summit of the inner tower. An image of the 
sun, 16 inches in diameter, will be formed in 
a laboratory (not shown) at the base of the 
tower. The spectrograph for studying this 
image will have a focal length of 75 feet, and 


‘will be mounted in a well beneath the labo- 


ratory. 

Tue American Ethnological Society has re- 
printed Volume III. of its Transactions, con- 
taining the important paper by William Bar- 
tram, on the “Creek and Cherokee Indians,” 
written in 1789; and also the papers by E. G. 
Squier, on the “ Archeology and Ethnology of 
Nicaragua”; by J. F. Irias, on the “ Rio 
Wanks and the Mosco Indians”; by C. C. 
Copeland, on a “Choctaw Tradition”; by 
Berthold Seeman, on “ The Aborigines of the 
Isthmus of Panama”; by Andrea Poey, on the 
“ Antiquities of Cuba.” The volume was 
never issued, almost the whole edition having 
been burned with the printing establishment. 
It is claimed that only fifty copies of the 
original edition were saved. The volume may 
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be obtained from the American Ethnological 
Society, Sub-Station 84, New York City. 
Tue department of railway engineering of 
the University of Illinois has recently erected 
a drop testing machine which is identical in 
design with the standard machine of the 
Master Car Builders’ Association. This appa- 
ratus will be used in making impact tests of 
such materials as car couplers, wheels, axles, 
ete. It consists essentially of a spring-sup- 
ported anvil weighing 20,000 pounds (upon 
which is placed the specimen to be tested), 
and a hammer weighing 1,640 pounds, which 
runs in vertical guides rising at either side of 
the anvil. This hammer may be dropped in 
these guides from any height up to 50 feet. 
The addition of this machine to the existing 
equipment of the College of Engineering of 
this institution renders it possible to make 
there tension, compression, bending and im- 
pact tests of all materials of construction, on 
specimens of the full size ordinarily met with 
in practise. Through the courtesy of Mr. A. 
W. Gibbs, the Pennsylvania Railroad Com- 
pany furnished the drawings and loaned its 
patterns for the construction of this machine. 
The Cleveland, Cincinnati, Chicago & St. 
Louis Railroad Company, through its super- 
intendent of motive power, Mr. William Gar- 
stang, has donated to the university its serv- 
ices in connection with the work of construc- 
tion and assembling the machine, which was 
done at the Urbana shops of this company. 





UNIVERSITY AND EDUCATIONAL NEWS 


Tue state legislature now in session has 
provided the University of Wisconsin with ap- 
proximately $2,500,000 for the next two years, 
beginning July 1. The permanent income of 
the university is supplied by a tax of two 
sevenths of a mill on each dollar of assessed 
valuation of the property of the state. This 
tax will yield the university approximately 

750,000 for the year 1909-10, and over $800,- 
000 for the year 1910-11. The sum of 
$100,000 annually for the next two years was 
appropriated in addition to meet the needs of 
the growth of the institution not covered by 
the increase in the tax income fund. Besides 
this $50,000 a year was given for books and 


SCIENCE 


969 


apparatus. The legislature also provided 
$600,000 for buildings to be erected in the 
order of their greatest need during the next 
two years. This is a continuation of the 
building fund of $200,000 a year for a period 
of three years. For extension work $50,000 
was appropriated for next year, and $75,000 for 
the year following. An additional grant of 
$30,000 a year was made for agricultural ex- 
tension, and $20,000 a year was provided for 
farmers’ institutes. 

Mr. Joun Fritz, of Bethlehem, Pa., in 
whose honor a gold medal was founded on his 
eightieth birthday by the four great national 
engineering societies, has given $50,000 to 
Lehigh University for an engineering lab- 
oratory. 

Dr. E. F. Nicuots, professor of experi- 
mental physics at Columbia University, has 
been elected president of Dartmouth College, 
where he was head of the department of 
physics from 1898 to 1903. 

At the June meeting of the board of trus- 
tees of the University of Arkansas a college of 
agriculture was established. Dr. C. F. Adams, 
acting director of the Experiment Station, 
was promoted to the deanship and director- 
ship of the college and station. 

Mr. Atrrep C. Lane has resigned his posi- 
tion as state geologist of Michigan to take 
effect on September 1. He will be in Hough- 
ton during most of the summer. After Sep- 
tember 1 his address will be Tufts College, 
Mass. 

H. E. Jorpan, Ph.D., adjunct professor of 
anatomy (in charge of histology and embry- 
ology) at the University of Virginia, has been 
promoted to the rank of associate professor. 

Dr. M. W. Biackman (Harvard ’05), of 
Western Reserve University, has been elected 
assistant professor of zoology in Syracuse 
University. He will succeed Mr. B. G. 
Smith, who has accepted the position of in- 
structor in zoology in the University of Wis- 
consin. 

Mr. F. G. Speck has been appointed in- 
structor in anthropology at the University of 
Pennsylvania, not at the University of Cali- 
fornia, as was incorrectly stated in a recent 
issue of this journal. 
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At the commencement exercises of Lehigh 
University the following announcements were 
made: Robert W. Hall becomes lecturer on 
forestry as well as professor of biology; Barry 
MacNutt, assistant professor of physics, is 
made associate professor of physics; Perey 
Hughes, assistant professor of philosophy, 
psychology and education, becomes professor 
of philosophy and education in charge of the 
department; Vahan S. Babasinian, instructor 
in chemistry, becomes assistant professor; 
James Hunter Wily, instructor in physics, 
becomes assistant professor; R. J. Gilmore is 
appointed instructor in biology. 


DISCUSSION AND CORRESPONDENCE 
MINIMAL QUANTITIES OF FOOD PRESERVATIVES 


A curious instance of a fallacious argument 
cast in pseudo-mathematical form appears in 
the evidence of Dr. Harvey W. Wiley before 
the Committee on Interstate and Foreign 
Commerce, House of Representatives, in Feb- 
ruary, 1906. The argument is repeated in 
more deliberate language (identical in the 
three) in Bulletin 84, Part II., of the Bureau 
of Chemistry, of the Department of Agricul- 
ture (1906), at p. 754, in Foods and their 
Adulterations (1907) at p. 38 and in the Pro- 
ceedings of the American Philosophical So- 
ciety, Vol. 47 (1908) at p. 326. As the latter 
publications are readily accessible to the 
scientific world, I shall quote only the informal 
statement of the argument before the com- 
mittee of the house: 

This is a graphic chart showing the compara- 
tive influence of foods and preservatives (Fig. 1). 
Of course we have to assume the data on which 
this chart is constructed. You will understand 


that. 

We will suppose that a normal dose of a drug 
is nothing. We do not need it at all. Now 
imagine that the lethal dose of a drug—that is, 
the dose that will kill—is 100, ana then we go 
to work and measure at three points—at 75, at 
50 and at 25. These are points at which we can 


measure, We can not measure up towards the 


right there, because the line almost coincides with 
the basic line, and the deviation is so slight that 
no method of measurement that we know of could 
distinguish them. 
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I omit here some reference to an error in the 
diagram which appears to have been corrected 
before printing. 

The lethal dose of that drug is 100. That is 
written up there on the left. I will just trace 
that. The normal dose of a drug in the case of a 
person in health is zero. Then if we use a little 
drug I can measure it here. I can measure it 
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Fie. 1. Graphie Chart Representing the Com- 
parative Influences of Foods and Preservatives.— 
Wiley. 


again here (indicating) and I can measure it 
again here (indicating). Now from those three 
points I can construct a curve and calculate the 
lethal dose, which we will assume to be 100. That 
much drug would kill; no drug would not hurt 
at all. 

The relative injury of a drug can be calculated 
mathematically from a curve constructed like that 
on experimental data, and I could tell you mathe- 
matically, by applying the calculus there, just 
what the hurtful value of that drug would be at 
an infinitely small distance from zero. You have 
doubtless, all of you, studied calculus, and you 
know how you can integrate a vanishing function. 
I used to know a good deal about calculus myself, 
and I could, by integral calculus, tell you the 
injurious power of a drug at an infinitely small 
distance from zero—that is, an infinitely small 
dose. 

Now see what a contrast tnere is between a 
food and a drug. 

The lethal dose of a food is none at all. That 
kills you; you are starved to death. The normal 
dose is what you eat normally, 100. I starve a 
man, and I measure the injury which he receives 
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at different points. I can mathematically plot 
the point where he will die. 

That one chart shows to this committee in a 
graphic form, better than any argument could, 
the position of a drug in a food, as compared 
with the food itself. They are diametrically op- 
posite. The lethal dose of one is the normal dose 
of the other, and vice versa. Therefore the argu- 
ment de minimis as far as harmlessness is con- 
cerned is a wholly illogical and non-mathematical 
argument, and can be demonstrated by calculus 
to be so. 

The reader is urged to refer to the more 
formal statement in either of the other pub- 
lications, and to note the confusion of thought, 
by virtue of which deviation from the per- 
pendicular line is (correctly) treated as the 
measure of injurious effects in the case of 
food, but deviation from the horizontal (!) 
line, as the measure in the case of drugs. 

The argument contains three fallacies so 
patent that (to adapt words employed by the 
witness in criticism of those who hold the 
opposite opinion)* “it seems astonishing in 
these days of rigid scientific investigation that 
such fallacious reasoning can be seriously in- 
dulged in for the sake of proving” the harm- 
fulness of minute quantities of non-condi- 
mental preservatives. 

First and most important. Absolutely no evi- 
dence is offered that the curves actually have 
the form which is assumed for them. 

Second. “ Food=0” can not be regarded 
as the lethal dose in the same sense that 
“ preservative = 100” is a lethal dose. 

Third. Quantity of food and injurious ef- 
fects can not be measured in the same direc- 
tion in a diagram purporting to show the 
relation between them. 

It seems almost incredible that, repeated by 
the author as the argument has been over and 
over again during the past three years, recast 
in language, scanned by his assistants, none of 
these fallacies has been convincingly borne in 
upon his mind. 

A lethal dose of any substance is the quan- 
tity which, administered at one time, is suffi- 
cient to cause death. To assume food=0 


a lethal dose is to assert the absurdity that 
food (and indeed every individual food sub- 
*Page 249 of the evidence. 
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stance) must be taken every minute of one’s 
life. On the other hand, it is undoubtedly 
true that excessive quantities of food (and of 
individual foods) produce injurious effects. 
Logically, therefore, the food curve in Dr. 
Wiley’s diagram, whether it refers to food in 
general or to any individual food, should— 
after touching the right vertical axis at “ 100 
normal dose”—turn back to the left, and 
reach a true point of lethal dose at a point 
above 100. That is to say, it should have the 
general form represented by ABC in Fig. 2. 
If there be such a thing as a lethal dose of 
food, is it not the quantity represented by this 
point above 100 rather than the zero quantity ? 
This diagram makes it clear that the cases of 
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Fic. 2. Possible Forms of Curves Representing 
Injurious Effects of Foods and of Food Preserva- 
tives. 


food and preservative are not diametrically 
opposite, as maintained by Dr. Wiley. Evi- 
dently the principle that any substance which 
is injurious in any quantity is injurious in all 
quantities, however small, is absurd as applied 
to food substances. And there seems no justi- 
fication for laying down any principle “de 
minimis ” which shall apply solely to preserva- 
tives or to non-condimental preservatives, or 
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(most arbitrary limitation of all) to non-con- 
dimental preservatives not naturally present 
in the food. 

In Fig. 2 are shown several possible forms 
for the preservative curve, alternate to the 
form given in Dr. Wiley’s diagram. Two of 
these, ADE and FGE, represent the preserva- 
tive as beneficial in small quantities and in- 
jurious in larger. The former represents the 
preservative as essential in some quantity; in 
other words, it would make the difference be- 
tween food and preservative one of quantity 
merely, not one of kind. A curve of this kind 
is conceivable for a preservative such as ben- 
zoie acid or salicylic acid, both of which are 
normally present in minute quantities in many 
fruits. 

The writer does not mean to assert that the 
curves for any preservatives have been shown 
to have the forms represented in Fig. 2. What 
he does wish to emphasize is that there is noth- 
ing in the mathematics of the case requiring 
them to have the form represented in Dr. 
Wiley’s diagram, and therefore no justification 
for the argument that chemically preserved 
foods are injurious because the preservatives 
produce injurious effects when administered 
in quantities larger than would be contained 
in chemically preserved foods. 

J. F. SNELL 

MACDONALD COLLEGE, 

QUEBEC, CANADA 
THE CHALK FORMATIONS OF NORTHEAST TEXAS 

In the American Journal of Science for 
May, 1909, Article X XIX. is entitled “ The 
Chalk Formations of Northeast Texas,” by 
Mr. C. H. Gordon, the substance of which is 
to prove that the two formations of Texas, 
originally defined by me as the Austin chalk 
and the Anona chalk, are identical. 

If such is the case, and I have long believed 
that it might be so, Mr. Gordon would do a 
service to science in proving the fact. I think, 


however, that in this paper where the author 
has entered into the question of record, his 
statements are neither complete nor accurate. 

Il spent many years of my life in endeavor- 
ing to define the many Cretaceous formations 
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of my state, and to disentangle them from 
previous confusion. The various contribu- 
tions thereon were progressive, and after the 
date of the last paper cited (1893) by Mr. 
Gordon as coming from me and before I re- 
tired from the subject, I learned and published 
much. A final work was published in which 
the previous results were summarized and 
errors corrected. Furthermore, the uncer- 
tainty as to the position of the Anona chalk 
was clearly stated. It certainly would seem a 
matter of justice for Mr. Gordon, in citing 
my views, to cite the latest published ones. 

In the final work alluded to I clearly stated 
on page 341: 

That the writer has considered this chalk 
(Anona) to represent a higher horizon than the 
Austin chalk, but its exact relationship is a sub- 
ject of future determination. 


Also on page 337 I note the difficulty “ owing 
to the lack of (continuous) outcropping sec- 
tions” of separating the Austin chalk from 
the Navarre formations in the Red River 
district. 

Furthermore, in discussing the correlation 
south of Red River of the various members of 
the Upper Cretaceous in northeastern Texas, 
I confessed my “ utter inability, notwithstand- 
ing the years of study, to correlate the various 
outcrops of these beds, nor can it be done by 
minute paleontologie research, such as he (the 
author) has not had opportunity to under- 
take,” and such as Mr. Gordon confesses he 
has not undertaken. 

Mr. Gordon does not even mention the paper 
above quoted, which was my last work on the 
Cretaceous and which is entitled “ Geography 
and Geology of the Black and Grand Prairies, 
Texas, Twenty-first Annual Report of the 
United States Geological Survey,” Washing- 
ton, D. C., 1902. 

So far as the writer is concerned, it is a 
pleasure to see other workers continue the 
researches in the geology of Texas, where 
there are hundreds of problems and details still 
unsolved and unrecorded, but I do think 
it fair that if an author endeavors to present 
a record of previous researches, and opinions, 
that they should be cited fairly. The score or 
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more of formation names of my own invention 
utilized in Mr. Gordon’s article without credit, 
at least, attest that the studies of the Texas 
Cretaceous by me left some impress upon the 
subject. 


Rost. T. Hi 


THE DAYLIGHT SAVING BILL 


To THE Epiror or Scrence: On page 453 
of Science for March 19, 1909, a reference to 
the “ Daylight Saving Bill” is introduced by 
the statement: “It is said that the Ohio state 
legislature once passed a bill establishing the 
value of w to accord with the views of some 
circle squarer.” 

A declaration beginning “it is said” is 
usually safe against correction, because any- 
thing may be “said,” but in this instance I 
am moved to say that the laurel wreath has 
been put upon the wrong brow. 

It was in Indiana, nearly twenty years ago, 
that such a bill was introduced by a member 
of the state legislature, but it was “laughed 
out of court,” after making some progress in 
the lower house, as such measures often do 
where not much attention is given to the real 
meaning of every bill put upon the calendar. 
As far as I know, the legislature of the state 
of Ohio has not yet concerned itself with the 
ratio of the circumference of a circle to its 
diameter. After all, a good deal may be said 
for a state legislature that has devoted even a 
brief hour to an intelligent consideration of 
the value of z, and a careful investigation 
might show that the ability to do this is by 
no means restricted to regions east of the 
Allegheny Mountains. It is a well-known fact 
that of the Presidents of the United States 
serving within the last half century (barring 
one recently retired, who forms a class by 
himself), the two who were most appreciative 
of the work of scientific men and most capable 
by reason of their own knowledge and experi- 
ence, of determining its value, were chosen, 
one from Ohio and one from Indiana, while 
that one least so was from the great Empire 
State. The record of the “middle west” in 
this respect is sure to be maintained during 
the administration just now beginning. 
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It is a serious mistake to put the author 
of the daylight saving bill in the same class 
with the circle squarers. The measure has 
been given much attention by all of the best 
English newspapers and periodicals during the 
past year and, with few exceptions, the criti- 
cisms have been most favorable. The passage 
of the bill has been urged by a very large 
number of eminent Englishmen, including 
many of the most distinguished men of science, 
and the advantages its adoption would secure 
are so many that it seems tolerably certain to 
receive the approval of parliament in the not 
distant future. 


T. C. M. 


DRESDEN, GERMANY 


LIBRARY BOOK-STACKS WITHOUT DAYLIGHT 


To tHe Epiror or Scrence: I was greatly 
interested in the short abstract of Mr. Bernard 
R. Green’s address on “ Library Book-stacks 
without Daylight,” which appears in ScrENCE 
for April 9, 1909, p. 592. 

I remember very well probably five or six 
years ago a conversation that I had with Mr. 
Green in connection with the new library 
building of the College of Physicians of Phila- 
delphia, when I made the following sugges- 
tions, which I would like to put on record for 
the consideration of others. 

It seemed to me that the ideal book-stack 
should be built with solid brick walls without 
any openings of any kind, and that even in 
the roof there should be no skylight and no 
openings except for the chimneys and ventila- 
tion. Artificial light could be turned on and 
off at will and would provide amply and in- 
expensively for the light. Forced ventilation 
would keep the air pure. This method of con- 
struction would have the following advan- 
tages: 

1. A wall of solid brick is much cheaper 
than one with openings for windows, which 
must be filled with expensive wire glass, to 
which must be added the cost of iron shutters, 
with some automatic device for their closure. 

2. It is a much better protection against 
fire. 

3. It excludes all dust. 

4. The book-stacks can be placed in the 
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stack-room at any distance; farther apart or 
nearer together, as required, irrespective of 
their relation to daylight through the windows. 

5. As Mr. Green has pointed out, daylight 
is injurious to books. 

6. The temperature of the room will be 
more equable, the internal heat being retained 
in the winter, and the external heat being ex- 
cluded in the summer. 

I hope, if this commends itself to architects 
and librarians, that some day the board of 
directors of a library may act upon it. The 
only drawback that occurs to me is that archi- 
tecturally it would not be attractive in appear- 
ance, but as the book-stack is usually in the 
rear of the building and more or less hidden 
from view, I think this would not be a very 
serious objection. 


W. W. Keen 


PHILADELPHIA, 
April 30, 1909 


SCIENTIFIC BOOKS 


The Thirteen Books of Euclid’s Elements 
Translated from the Text of Heiberg with 
Introduction and Commentary. By T. L. 
Hearn, C.B., Se.D. Cambridge, University 
Press. 1908. Three vols. 

Differential and Integral Calculus. By 
Danitet A. Murray, Ph. D., Professor of Ap- 
plied Mathematics in McGill University. 
New York, Longmans, Green and Co. 
1908. Pp. xviii + 491. 

An Elementary Treatise on the Differential 
Calculus Founded on the, Method of Rates. 
By Wituum Wootsey Jonnson, Professor 
of Mathematics at the United States Naval 


Academy, Annapolis, Maryland. New York, 
John Wiley and Sons. 1908. Pp. x-+ 191. 


In these days of prolific writing when even 
the worst books (if indeed such a lower limit 
exists) must be “ noticed ” and the best, owing 
to consequent lack of space, may not be really 
reviewed, one is at a loss to know how prop- 
erly to signalize the appearance of so impor- 


tant and excellent a work as this latest 


production from the pen of Dr. Heath. Of 
this work it is safe to say—and that is much 
—that no other better illustrates the great 
service of British scholarship in rendering the 
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ancient classics accessible and attractive to 
our time, and no other better illustrates the 
truth of Cousin’s mot: La critique est la vie 
de la science. No account of the work can be 
bad if it has the effect of inducing the reader 
to procure a copy for himself, and no account 
ean be good if it have the opposite effect. 
For students and teachers of mathematics or 
of philosophy, this edition of the “ Elements ” 
may be said to be indispensable. 

It is only after examination of the volumes 
that one can realize how utterly impossible it is 
to convey in a few lines anything like an ade- 
quate conception of the riches that Dr. Heath 
has given us. Nevertheless, a few hints—the 
meagerest of indications—must be given. 
The introduction, which occupies more than a 
third of the first volume, is composed of nine 
chapters, entitled Euclid and the Traditions 


- About Him, Euclid’s Other Works, Greek 


Commentators other than Proclus, Proclus 
and his Sources, The Text, The Scholia, 
Euclid in Arabia, Principal Translations and 
Editions, and (ninth chapter) On the Nature 
of Elements, Elements Anterior to Euclid’s, 
First Principles, ete. Of the man Euclid, as 
of many another great determinator of the 
world’s career, but little is known, and the 
chapter on Traditions, though it furnishes 
nothing new, is valuable as collecting, sifting 
and citing the literature of the old. One of 
the traditions, whether or not it be true in 
fact, is at all events true in spirit, and will be 
relished by that variety of practician engineer 
who views mathematics as he views a wheel- 
barrow or a spade. “ But what shall I get by 
learning these things?” said a pupil to Euclid 
after learning the first theorem. Thereupon 
Euclid ealled his slave and said, “ Give him 
threepence, since he must make gain out of 
what he learns.” The late Sylvestre, it is re- 
membered, on being asked to state the “ use ” 
of the theory of substitution groups, on which 
he had been lecturing, replied, “I thank God 
that, so far as I know, it hasn’t any.” It 
would be interesting to know what proportion 
of scientific men are aware of the fact that 
Euclid wrote several scientific works other 
than the “ Elements,” as the hopelessly lost 
“Pseudaria,” said by Proclus to be “by way 
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of cathartic and exercise,” designed, that is, 


to aid the beginner in the discovery of para- 
logisms and in the discrimination of true 
principles from the specious and false; the 
still extant “ Data”; the book “ On Divisions 
(of Figures),” which though “lost in Greek,” 
“has been discovered in the Arabic ”; the three 
lost books of “ Porisms”; the two works en- 
titled “Surface-loci” and “Conics,” both 
lost; the still extant “Phenomena,” an astro- 
nomical work; and the “ Optics,” edited by 
Heiberg in 1895. In the two chapters (27 
pages) devoted to Greek commentators upon 
Euclid and especially to Proclus and his 
Sources, Dr. Heath has given not only de- 
tailed citations of the immense body of litera- 
ture bearing upon these matters, but—what is 
far more—a most luminous and valuable 
digest of it all. Then follows the chapter of 
18 pages dealing with the text. Here we have 
an interesting account of the several cele- 
brated manuscripts from which knowledge of 
the content of the “ Elements” is mainly de- 
rived, a statement of the critical principles 
followed by Heiberg in the comparison and 
evaluation of the sources, and a good indica- 
tion of the ingenuity, of the prodigious 
scholarship, labor and devotion that enabled 
Heiberg to produce his monumental work on 
Euclid. This work was published between 
1883 and 1888. It is the “ definitive text” 
contained in it that Dr. Heath has translated 
into English and that his scholarship has 
enabled him to set in the light of modern re- 
searches into the foundations of geometry. 
In view of the empire that Euclid has exer- 
cised in British education, it is especially in- 
teresting to learn, in the chapter on Trans- 
lations and Editions, page 95, that the great 
Greek classic, or some portion of it at all 
events, found itself in English dress as early 
as the first half of the tenth century. In sup- 
port of this contention, Dr. Heath cites the 
following quaint lines from “ Rara Math- 
ematica ”’: 


The clerk Euclide on this wyse hit fonde 
Thys craft of gemetry yn Egypte londe 
Yn Egypte he tawghte hyt ful wide, 

In dyvers londe on every syde. 

Mony erys afterwarde y understonde 
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Yer that the craft com ynto thys londe. 
Thys craft com into England, as y yow say, 
In tyme of good kyng Adelstone’s day. 


If among the many students of recent A »er- 
ican and English, Italian and German \ ork 
in the foundations of geometry, there be any 
one who imagines that nearly all of the fine 
things presented in such work are new, there 
await him in the closing chapter of Dr. 
Heath’s introduction a pleasant surprise and 
a happy emancipation. Indeed this chapter 
of 38 large octavo pages is an exceedingly val- 
uable contribution to the historico-critical 
literature that pertains to the common ground 
of logic and mathematics. In it is set forth 
in clear and orderly fashion the best thought 
—and how fine and penetrating much of it is! 
—of pre-Euclidean and post-Euclidean philos- 
ophers and geometricians from Plato and 
Aristotle down to Proclus—a period of nine 
centuries—the best thought, I say, of the best 
intellects of antiquity regarding such eternally 
interesting matters as the nature of scien- 
tific (and especially) geometric elements, of 
the nature and significance of axioms (or com- 
mon notions) and definitions, of hypotheses 
and postulates, of existence assumptions and 
existence proofs, of theorems and problems, 
lemmas, cases and porisms, of methods of 
argument and demonstration, objection, re- 
duction, analysis and synthesis. Much that 
has been recently written about these things 
is new and much of it is but repetition— 
repetition that is sometimes inferior in point 
of form and doubtless often unconscious. It 
is no small service to give the reader, as Dr. 
Heath has here done, a lively sense of the 
scientific atmosphere in which Euclid wrote 
and of his indebtedness and through him that 
of all subsequent time to his predecessors and 
contemporaries. Aristotle’s statement, quoted 
by Heath from the “ Posterior Analytics,” 
that, “ other things being equal, that proof is 
the better which proceeds from the fewer pos- 
tulates or hypotheses or propositions,” reminds 
one of the famous dictum enunciated sixteen 
hundred years later by the “ Doctor in- 
vincibilis,” William Occam: Entia non sunt 
multiplicanda preter necessitatem. Nothing 
conveys better the animating spirit of the 
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modern critical movements in logie and math- 
ematics. 
The remaining 2 


73 pages of the first volume 
are . evoted to books I. and II. of the “ Ele- 
me:.s.” The entire discourse is conducted in 
the most admirable manner. First are given 
in clear, bold, beautiful type the definitions, 
axioms and postulates of book I. Each of 
these is then taken up in order, restated in 
Greek followed by the English equivalent, and 
made the subject of an elaborate and lucid 
historical and critical commentary. The ex- 
tent of Dr. Heath’s commentaries may be in- 
ferred from the fact that no less than eighty- 
five large pages are occupied by discussion of 
the thirty-three definitions, axioms and postu- 
lates of the first book, the immense wealth of 
the material presented being gathered from all 
the principal sources from pre-Euclidean times 
to the present. Then follows the statements 
and demonstrations of the propositions of 
book I. with eritical discussion of each. The 
remaining twelve books are treated in similar 
fashion. The third volume closes with the so- 
called “Book XIV.” by Hypsicles, a note on 
the so-called “ Book XV.,” a carefully prepared 
list of addenda et corrigenda, an index of 
Greek words and forms, and an excellent gen- 
eral index to the entire work. 

Dr. Heath has been animated by no narrow 
or partisan spirit. Like every other well-in- 
formed student of mathematics, he is well 
aware of the fact that the time is long since 
gone when the reading of Euclid was indis- 
pensable to one who would become a learned 
or a productive geometrician. And in so far 
as this new edition may be regarded as a plea 
for the “Elements,” it is an enlightened 
plea, one entirely worthy of its great theme, 
the noblest plea in English speech for the 
Alexandrine classic. 

The content of Professor Murray’s book has 
been taken chiefly from his “ Infinitesimal 
Calculus,” though some matter relating to 
indeterminate forms, solid geometry and ap- 
plications to motion has been added, and the 
treatment of several topics has been revised. 
Among the noteworthy features of the work 
may be mentioned that it contains more than 
can be properly read in the time usually given 
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in the best schools to a first course in the cal- 
culus; that in view of this fact certain articles 
have been indicated as constituting a course 
suitable for “students having a minimum of 
time ”; that the book begins with a discussion 
of certain problems designed to foreshadow 
the nature of the calculus and a presentation 
of such algebraic notions as are of most fre- 
quent use in the calculus; that the subject is 
presented with modern regard—rather too 
much than too little, if it errs in either re- 
spect—for precision and rigor; that, though 
the subject is divided into differential calculus 
and integral caleulus, the notion of anti-dif- 
ferentiation is presented in connection with 
that of the direct process; that, with a view to 
facility of applications, the view of integra- 
tion as summation is put in advance of the 
other view; that numerous examples including 
simple applications to geometry, physics and 
mechanics, with illustrative solutions, are in- 
serted in connection with the development of 
cardinal ideas and processes, a table of answers 
being given at the end of the volume; that 
unusual care has been given to accentuation of 
important matters; that especial attention has 
been accorded to the concepts of speed, 
velocity and acceleration; that, for alternative 
or fuller treatment of numerous ideas, the 
reader is referred to a good deal of the better 
and more accessible literature; and that there 
is given a brief introduction to differential 
equations and a table of integrals. The work 
is adequate to the needs of the college student, 
to the technological student and to the rarer 
spirit preparing for higher flights. 

Professor Johnson’s book is an abridgment 
of his “ Differential Calculus” and is based 
on the method of rates. It is distinguished 
by the absence of the histological methods of 
the rigorists. Things are presented pretty 
much at their face values, being shown graph- 
ically rather than laboriously proved by help 
of the refined logical machinery brought in 
from across the sea. The English is excellent, 
everything moves along with the calmness, 
dignity and facility of an elder day, and the 
reader, while acquiring much useful knowl- 
edge, will acquire also a degree of confidence 
that in these critical times is apt to be rare 
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and is apt also to suffer mitigation in the 
course of subsequent study. 
©. J. Keyser 
CoLUMBIA UNIVERSITY 


Hopi Songs. By Bengamin Ives Gitman, 
Secretary of the Museum of Fine Arts, 
Boston, Mass. Hemenway Southwestern 
Expedition. A Journal of American Eth- 
nology and Archeology. Fifth and Con- 
cluding Volume. Pp. xi-+ 235. Boston 
and New York, Houghton, Mifflin Company. 
1908. 

The text of the volume is divided into three 
sections: I., The Rote Song of the Hopi; II., 
The Phonographic Method; III., Notation, 
Diagrams and Comments. Seventeen Hopi 
songs are included in section III. A brief 
account of The Hemenway Southwest Ex- 
pedition closes the volume. 


The author opens his treatise by saying: 

The study of Hopi, or Moqui, singing, to which 
this volume is devoted, completes an inquiry into 
Pueblo music begun in 1891 with a study of Zuni 
melodies. The records upon which both investi- 
gations have been based were obtained in Arizona 
by Dr. J. Walter Fewkes, now of the Bureau of 
Ethnology, Washington, at the time in charge of 
the Hemenway Southwestern Expedition, who first 
applied the phonograph to the preservation and 
study of aboriginal folk-lore. 


Of his previous study the author writes 
(p. 11): 

The major thesis of the “ Zuni Melodies ”—that 
Pueblo music is without scale—is strongly con- 
firmed by this cumulative evidence. The diatonic 
form of the Hopi songs is (a) harmonic necessity 
or (6) apperceptive illusion. In large measure 
their adiatonic features are at once (c) inten- 
tional and (d) inexplicable by interpolation and 
transposition. The minor thesis of the “ Zuni 
Melodies ””—that “In this archaic stage of the 
art the scales are not formed but forming ”—is 
rather weakened than corroborated by a closer 
study of Pueblo music. Its bent toward change 
inspires a doubt whether, unless by outward com- 
pulsion, it would ever submit to the trammels of 
a system. It appears an unhistoric rather than 


a prehistoric art. 


Under the head Scales an Instrumental 
Product; the Voice Determining their Gen- 
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eral Form, the Ear, the Hand and the Eye 
their Varieties, the author skillfully proceeded 
to show that “ Although the voice provides 
the raw material for scale building,” the in- 
struments have rendered service, so that 

It would appear that while still disembodied 
music tends to remain adiatonic, though always 
of necessity diatonoid. Only when incarnate by 
instrumental constraint does it chose, because it 
must, the best of all possible yokes. 


Other factors have influenced scale develop- 
ment so that 

Scales may result with which the voice has had 
little to do, giving back to music, at the con- 
venience and pleasure of ear and hand and eye, 
a semblance of the liberty of its vocal stage. 


Under the head of Freedom, a character- 
istic of Pueblo music, the author writes: 

Apart from the tendency to consonant intervals 
no metes and bounds to invention manifest them- 
selves in these melodies, and they may apparently 
be altered by every performer. 


In this connection a footnote calls atten- 
tion to a fact presented at Berlin in 1888 be- 
fore the International Congress of American- 
ists that 

The anatomists of the Hemenway Southwestern 
Expedition found the hyoid bone of the ancient 
skeletons exhumed on the Rio Salado exceptionally 
elastic in structure. The position of this bone at 
the base of the tongue makes it an important 
factor both in speech and song. 

This fact should not be forgotten when con- 
sidering the data presented in this volume as 
of wide application. Nor can the statement 
that songs “may apparently be altered by 
every performer” be accepted as true of In- 
dian songs in general. Accuracy in the 
rendition of a song, particularly of one that 
was a part of a religious ceremony, was in- 
sisted upon. In some of the tribes a mis- 
take, or variation, in singing a song, consti- 
tuted so grave a matter that it put a stop to 
the ceremony, until after a rite of contrition 
had been performed; that being finished the 
ceremony had to begin afresh. That there 
were slight variations in pitch and intona- 
tions was true, but they were such as occur 
among ordinary singers and did not affect the 
movement and flow of the melody, which the 
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singers were careful not to disturb, as the 
song in all religious rites was regarded as a 
message to the supernatural. 

Section II. deals with The Phonographic 
Method. The author says of the phonograph: 
It “makes possible a hitherto unheard-of 
thing, the detailed study of an individual per- 
formance of music. It opens a field of inves- 
tigation, that of the actual events of which 
music consists, which has hitherto been ac- 
cessible to observation in only a very limited 
way—while a performance lasts;and in so far 
as it can afterward be recalled by memory.” 
From the premise that “ Music is an art of 
interval and measure primarily, and one of 
timbre secondarily ” the author proceded to a 
phonographic study of interval in Hopi sing- 
ing. He says: 

With a series of tests not psychological but 
physical I endeavored both to find the principal 
limitations of the instrument by the trial of vari- 
ous conditions of inscription and reproduction, 
and to determine the degree of exactness of its 
best performance. The method consisted mainly 
in noting the amount of variation in the rapidity 
of pulsations of sound called beats produced be- 
tween a phonographic reproduction of a note held 
continuously and another note known to be of 
constant pitch. 


Then follows a lengthy account of his 
work upon these tests and the conclusion: 

As an apparatus for the reproduction of tex- 
tures of interval the phonograph may fairly be 
called an instrument of precision. 


Of the “method and symbolism of the no- 
tation” we read: 

Like the records of Zuni music these .. . are 
the result of an attempt to judge the tones de- 
livered by the phonograph by means of the sense 
for difference of pitch alone, without aid from the 
sense of interval. My aim has been to make a 
separate estimate of the pitch of each individual 
note of each performance, through its comparison 
with one or more of the series of tones at intervals 
of a tempered semi-tone, or 100 cents, given in the 
notes of an ordinary harmonium. This compari- 
son was made, as before, by silencing the phono- 
graph the moment the note to be judged had been 
reached, and immediately thereafter sounding a 
harmonium note... . 


For the expression of “the minute scale of 
fourteenths of a tone made the basis” of his 
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records the author adopted modifications of 
the historical notation by which he says: 

There is thus afforded for each of the four- 
teenths of a tone assumed as the steps in the 
scale of these notations a gradation of position 
easily distinguishable from every other. 


He further remarks: 

The attempt to follow the musical practise of 
non-European peoples with such minuteness must 
justify itself, either on the ground that accuracy 
of observation is a thing worthy to be aimed at 
for its own sake, or on the ground that in this 
branch of research such a degree of it has veritable 
value for purposes of theory. 


Section III. is composed of the presenta- 
tion of each of the seventeen Hopi songs; 
given first on the usual clef, next the phono- 
graphic record according to his plan of nota- 
tion, then a chart showing the “Course of 
Tone,” followed by more or less elaborate 
“Comments.” In some of these latter the 
author shows a fine appreciation of “ these 
wild flowers of fancy, the wanton yield of 
naive delight in the vocal production of in- 
terval,” as in connection with “ Snake Song 
No. 4” where he says: 

The interest of the song lies in its stately 
rhythm, occasionally delicately varied; and in this 
deliberate ascent, as if from level to level of the 
singers native mesa, with a pause midway in each 
to rally loiterers. 

The volume represents much careful work 
and is a valuable contribution to the study 
of the phonetics of some kinds of Indian 
singing. The quality of tone is not touched 
upon and unfortunately the songs under con- 
sideration do not present a wide range of 
rhythms so that that interesting aspect is not 
dwelt upon. All the records under examina- 
tion are from single singers. The Indian 
solo singer is apt to waver more in pitch than 
when he sings with a group. A number of 
voices not only strengthens the tone but 
steadies the interval. Moreover, compara- 


tively few Indian songs are intended to be 
sung by one voice only, so that such records 
as those presented in the volume can hardly 
be regarded as representative of Indian music. 
They do not picture the songs as they appeal 
to the Indians, nor does the dissection of tones, 
as here so ably given, assist our race to dis- 
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cern the beauty that lurks in a vast number 
of the songs of the American Indian. 
Auice C. FLETCHER. 





SPECIAL ARTICLES 


THE DORSAL SPINES OF CHAMELEO CRISTATUS, 
STUCH 

Srvce the discovery of the long-spined Pely- 
cosauria, in Texas, no similar condition has 
been reported in any living form. Cope re- 
ferred to the dermal spines of ZJguana and 
Basiliscus as the nearest condition to that of 
the fossil forms. Baur noted one or two liz- 
ards in which one or two spines were a little 
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been figured and have never been referred to 
in explanation of the Permian forms. 
Unfortunately this gives us no hint of the 
use of the elongated spines in the ancient 
forms. Only two species of the genus, 
cristatus and montium, have the elevated 
spines; the others have a crest supported by 
dermal rods. The habits of the forms are 
not sufficiently well known to make any sug- 
gestion as to the use of the crest or spines. 
It is perhaps significant that the chameleons 
are a highly specialized and decadent group 
just as the Pelycosauria were and that there 
is a decided tendency to develop seemingly 
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Vertebral column of Chameleo cristatus Stuch, from Efulen Kribi, Cameroon, showing elevated 
neural spines. 


longer than the others. Through the kind- 
ness of Dr. A. G. Ruthven, curator of the 
Museum in the University of Michigan, I 
have been enabled to examine a specimen of 
Chameleo cristatus from Efulen Kribi in the 
Cameroon district, sent to the museum of the 
university by the Rev. Geo. Schwab, a mis- 
sionary. The accompanying figure shows the 
condition of the spines of the vertebre. The 
elevated neural spines beginning with the 
axis extended to the tenth caudal and then 
rapidly diminish in size on the long and 
slender tail. At the base of the larger spines 
there is a very slight enlargement indicating 
the attachment of the dorsal muscles which 
reached to that point. The upper ends of the 
spines were attached by a strong thread of 
connective tissue and the interspaces between 
the spines were filled by a very thin mem- 
brane of the same tissue. A few scattering 
threads of muscle were dispersed over the 
membrane. The condition of this specimen 
is of great interest as it shows almost exactly 
the conditions which have been imagined to 
exist in the Pelycosauria. In the literature of 
this group I find the presence of the elevated 
neural spines mentioned but they have not 


useless horns and spines in other parts of the 
body just as there was in the Pelycosauria. 
It leaves one with the same impression of some 
sort of physiological excess of growth. 

E. C. Case 


UNIVERSITY OF MICHIGAN 


ON THE CHEMISTRY AND DEVELOPMENT OF THE 
YOLK PLATELETS IN THE EGG OF THE FROG 
(RANA PIPIENS) 


THE yolk platelets in the frog’s egg contain 
6 per cent. of lecithin and 94 per cent. of a 
proteid having the following composition: 1.21 
per cent. of phosphorus, 1.32 per cent. of sul- 
phur and 15.14 per cent. of nitrogen. I used 
gravimetric methods in determining phos- 
phorus and sulphur and the Kjeldahl method 
in determining nitrogen. This composition 
and the precipitation reactions of the proteid 
indicate it to be a nucleoalbumin related to 
the vitellins and ichthulins of the -yolk of the 
eggs of birds and fish, hence I will call it 
batrachiolin. 

In the germinal vesicles of the ovarian eggs 
nucleoli arise from the chromatin. These 
nucleoli grow and multiply by fission and bud- 
ding, and during the fall of the year migrate 
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into the cytoplasm, where they break up into 
finely granular masses called yolk nuclei. The 
yolk nuclei become more or less diffused 
through the cytoplasm, and, especially toward 
the egg membrane, give rise to the yolk 
platelets, which are at first minute, but grow 
during the winter to large size. Thus the 
nucleoalbumin of the yolk platelets is de- 
rived from the nucleoproteids of the nucleus.’ 
Whereas I am entirely ignorant of the steps 
by which a nucleoproteid might be changed 
into a nucleoalbumin, the phosphorus content 
of the egg nucleoalbumins (.4-1.5 per cent.) 
is about the same as that of the native nucleo- 
proteids studied by Halliburton.* We might 
compare the migrating nucleoli to the tropho- 
chromatin of the protozoa and metazoa.’ 
Whereas the nucleolus is more acidophilous 
to stains than the idiochromatin (chromo- 
somes), it is more basiphilous than the gen- 
eral cytoplasm, and I see no objection to call- 
ing it trophochromatin. Goldschmidt‘ found 
the chromidia (trophochromatin) of some pro- 
tozoa to give rise to “ glanzkorper” or glyco- 
gen granules which might be compared in 
function to the yolk platelets of the frog’s egg. 

Whereas I found that the nucleoli were of 
greater specific gravity than the nuclear sap, 
and could be thrown out of the germinal ves- 
icle by centrifugal force, there is no indica- 
tion that gravity aids in the normal extrusion 
of the nucleoli. Such migration of nucleoli 
is a wide-spread phenomenon in animals and 
plants.’ 

J. F. McCienpon 
UNIVERSITY OF MISSOURI, 
May 15, 1909 


THE STRUCTURE OF LILY PISTILS 
In an extended study of the structure of 
the pistils of Liliaceee some results have been 
reached that warrant the publication of this 


‘The amphibian nucleolus is said by Carnoy 
and Lebrun to contain a small amount of nucleo- 


albumin. 
? Jour. of Physiol., Vols. 17 and 18. 


*Cf. Moroff, Arch. f. Zellforschung, Vol. 2. 

* Arch. f. Protistenkunde, Vol. 5. 

> Walker and Tozier, Quart. Jour. of Exper. 
Physiol., Vol. 2. 
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preliminary note pending the completion of 
the work. 

The pistils of the lilies are in general alike. 
However, certain differences exist among them 
(1) in regard to the formation of the parti- 
tion walls of the ovary and (2) in regard to 
the development of the ovules. It is the pre- 
vailing opinion among botanists that the mar- 
gins of the carpels in the Liliacee infold to 
form the partition walls of the ovary and also 
to produce the ovules. This is true of some 
lilies but it is not true of all lilies. It has 
been found that certain lilies develop the par- 
tition walls of their ovaries, also their ovules, 
from the middle portion of their carpels. In 
this type of ovule-production the midribs of 
the carpels become thicker, push in to the 
central axis of the ovary, unite and produce 
the ovules. 

The following plants; have been found to 
develop their ovules from the midribs of their 
earpels: Lilium longiforum Thunb., Lilium 
longiforum eximium Nichol., Lilium candi- 
dum Linn., Erythronium albidum Nutt., Con- 
vallaria majalis Linn., Tradescantia bracteata 
Small, Zebrina pendulata Schnitzl., Tulipa sp. 

Cuartes E. TEMPLE 

THE UNIVERSITY OF NEBRASKA 


SOCIETIES AND ACADEMIES 
THE IOWA ACADEMY OF SCIENCE 

Tue twenty-third annual meeting of the Iowa 
Academy of Science was held at the State Uni- 
versity, Iowa City, on April 31 and May l. A 
public meeting was held on the evening of April 
30 for the presentation of the address of the presi- 
dent, Professor Samuel Calvin, on “ The Work 
of the Iowa Geological Survey,” and a lecture by 
Professor William A. Locy, of Northwestern Uni- 
versity, on “ The Service of Zoology to Intellectual 
Progress.” Before the beginning of the evening 
program Professor C, E. Seashore gave demonstra- 
tions of the tonoscope in his laboratory. 

In the progress of the two sessions of the acad- 
emy the following papers were presented: 
Comet C, 1908 (Morehouse) : D. W. MOREHOUSE. 

An account of the comet discovered in Sep- 
tember, 1908, while photographing at the Yerkes 
Observatory. 
The Polyporacee of Fayette, Iowa: Guy WEST 

WILson. 
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Some Parasitic Polyporacee: C. D. LEARN. 

The present paper embodies the results of a 
field study of the commoner local species of the 
family. The economic and pathological aspect of 
Polyporus ignarius, P. fulvus, P. everhartii and 
Elfvingia megaloma are discussed. 


An Anatomical Study of the Roots and Rhizomes 
of a Few Weeds: L, H. PamMmet and ESTELLE 
D. FOoGEL. 

It is a very common practise in agricultural 
literature to refer to the rhizomes of quack grass 
and germander and other ground stems of this 
kind as roots. The morphology indicates that 
these are stems beyond a doubt. On the other 
hand the underground portions of the milkweed, 
Canada thistle and horse nettle are also referred 
to as roots by the farmer and correctly so, and yet 
quite a number of botanists have fallen into the 
error of calling these structures stems. The com- 
mon morning glory is a stem. The histological 
structure shows beyond a doubt that they are true 
roots. 

The More Important Factors concerned in the 
Production of Plant Diseases: L. H. PAMMEL 
and CHARLOTTE M. KING. 

A brief survey and review of the fungus dis- 
eases occurring upon cultivated plants for twenty- 
five years in the state of Iowa. Giving dates for 
the epidemics of rusts and causes leading up to it, 
also a discussion of the more general problems of 
plant diseases and their relation to climatic con- 
ditions. 

Plant Distribution in Iowa in Relation to Geologic 
Formations: B, SHIMEK. 

The Sand-dune Flora of Iowa: B. SHIMEK. 

The Flora of Iowa Rock, a Small Rocky Island in 
Puget Sound: Rosert B. WYLIE. 

Notes on Spore Formation in Ulva: Ropert B. 
WYLIE. 

Slime Moulds of the Yosemite: Tuomas H. Mc- 
BRIDE. 

Preliminary report: (1) the locality: (@) alti- 
tudes, (6) general climatic conditions; (2) the 
season of collecting, and conditions influenced by 
altitude; (3) list of species taken, with notes; 
(4) probable results of further explorations. 
Okoboji Laboratory: THomas H. McBripe. 

Some Features of Iowa Ground Waters, II.: W. 
S. HENDRIXSON. 


The Training of the Technical Chemist: J. S. 
STAUDT. 
This paper and the one following were presented 
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before the Iowa Section of the American Chemical 

Society and were read before the academy by 

invitation. 

The Influence of Copious Ingestion of Water: 
STELLA A. HARTZELL. 


A Hysteresis Curve: D. W. Morenouse and 


Harry Wooprow. 
The Googler Primary Cell: Harry Wooprow. 
On the Use of the Balance: LeRoy D. We tp. 


The Fifth and Seventh Cranial Nerves of Pletho- 
don glutinosus: H. W. Norris. 

A criticism of a recent paper by Dodds, The 
supposed anomalies in the fifth nerve of P. glu- 
tinosus are found to fall into line with the com- 
mon arrangement in urodele amphibians. 


The Migration of Nervous Elements into the 
Dorsal and Ventral Nerve-roots of Pig-embryos: 
ALBERT KUNTZ. 

Embryological evidence is presented to show the 
fact of migration of nervous elements from the 
neural tube of the embryo into the dorsal and the 
ventral nerve-roots. An attempt is made to de- 
termine the nature of such migrating cells. Gen- 
eral inferences touching neurological problems. 


The Unios of the Muscatine County Loess: B. 
SHIMEK. 
The following papers were read by title: 


The Asteroid, 1906, W. E.: Evtis B. STAUFFER. 


Further Studies of the Eastern Nebraska Flora: 

CHARLES E. Bessey. 

Studies are now being made in the department 
of botany of the University of Nebraska of the 
plants now and formerly used by the Indians of 
eastern Nebraska, especially the Omaha tribe. It 
is found that many species of plants were formerly 
used that are not now in use, and within the last 
few years some plants have been brought into use 
that had not been previously used. It is hoped 
that a preliminary report can be made by the 
middle of the year. 


The Estimation of Arsenic and Cobalt in Smal- 
tite: NICHOLAS KNIGHT. 

The complicated reactions, oxidation of the 
arsenic with chlorine. The separation of cobalt. 
The change in the valence of cobalt from two to 
three. 

An Analysis of the Fruit of Viburnum nudum: 

NICHOLAS KNIGHT. 

A continuation of the chemical study of wild 
fruits from Sylvan Beach, New York. The extrac- 
tion and determination of the sugars. The organic 
acids. The extractions of the oils with ether. 
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The simplification equivalent of the oils. The 
weight of the ash and the determination of the 
ash constituents. The per cent. of the various 
constituents of the fruits. 


The Action of Manure on a Certain Iowa Soil: 
E. B. WATSON. 

The Solubility of Portland Cement Proved: G. G. 
and A. J. WHEAT. 

The advanced studies on cement are demon- 
strating the power of water, at normal tempera- 
tures to dissolve and carry through a double 
filtering crucible. The silicates of lime and the 
aluminate of lime, as silicates and aluminates 
and these same dissolved silicates refuse to yield 
their calcium to HCI, but do yield after the soda 
carbonate fusion. 

Some Geological Effects of Artificial Drainage in 
the Wisconsin Drift Region: G. G. and A. J. 
WHEAT. 

Significance of Thrust-planes in the Great Basin 
Ranges: CHARLES R. KEYES. 

The recent discovery of thrust-planes in certain 
of the desert ranges of the Great Basin region and 
of late Tertiary strata severely flexed and infolded 
with early Tertiary lava flows is taken as indi- 
cating that the entire region has been subjected 
to great compression during late geologic times 
and not to pulling strains that would produce 
profound normal faulting. The recent-fault the- 
ory for the origin of these mountains is therefore 
very seriously questioned. 

Orotazrial Correlation of Geologic Terranes and 
Diastrophism; CHARLES R. KEYEs. 

The similarity of the two methods is pointed out 
and their great value emphasized as means of 
exact correlation of geologic formations. Atten- 
tion is also called to the fact that the proposition 
of this method was presented before this academy 
more than a dozen years ago and a full decade 
prior to the general acceptance of the principles 
by geologists generally. It supplants the methods 
by means of fossils. 
Carbonie Column of the Rio Grande Region: 

CHARLES R. KEYES. 

The results of some recent observations are 
briefly discussed, as bearing upon the Carbonic 
history of our Iowa rocks, The Carbonic section 
of the region is very much more complete than 
in the Mississippi Valley; and in fact more ex- 
tensive than anywhere else on the North American 
continent. 

Hydroids as Ornamental Plants: C. C. NUTTING. 

Arterio-sclerosis: W. E. SANDERS. 
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Birds of Polk County, Iowa: LesTeR P. Facen. 


Some Observations on the Embryology of Chiro- 
nomus: W. N. CRAVEN. 
L. 8. Ross, 
Secretary 
Des Mornes, IA. 


THE TORREY BOTANICAL CLUB 


THE meeting of April 28, 1909, was held at the 
New York Botanical Garden, with Dr. Tracy E. 
Hazen in the chair. 

Dr. William A. Murrill, chairman of the cryp- 
togamic section of the committee on the local 
flora, made a report in which the following sug- 
gestions were submitted: 

(1) The publication of keys and lists of local 
species for field use; (2) the preparation of a 
map of the territory included; (3) cooperation 
with other botanical clubs within or bordering on 
this territory; (4) cooperation with the field 
committee in the selection of suitable places for 
excursions and the care of cryptogamic material 
collected on these excursions; (5) the use of a 
given space in Torreya for notes upon and addi- 
tions to the local flora; (6) a joint meeting at an 
early date with the phanerogamic section of the 
committee on local flora. 

The scientific program consisted of a discussion 
of “ The Cactuses of the West Indies” by Dr, N. 
L. Britton. 

The speaker referred to the distribution of cacti 
in the West Indian Islands and the regions in- 
habited by them; these are mostly on the southern 
side of the larger islands, where the rainfall is 
very low and where these plants are very abun- 
dant, certain portions of the southern side of 
eastern Cuba and of Jamaica being actual cactus 
deserts. On the smaller islands the cacti grow 
less abundantly and mainly at low altitudes. The 
genus Rhipsalis forms an exception to the general 
xerophytic distribution, its species growing on 
trees and cliffs in relatively moist regions. 
Southern Florida contains several species similar 
to some of those growing on the Bahamas and in 
Cuba or identical with them. After a prelim- 
inary description of the plants the meeting ad- 
journed to the propagating houses of the New 
York Botanical Garden, where specimens of living 
eacti, including nearly all the known species of 
the West Indies, were exhibited and described. 


Percy WILSON, 
Secretary 





